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The present invention provides for an annular barrier tool to block or restrict the flow of well fluids Iin the annular region of a well.
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Abstract

The present invention provides for an annular barrier tool to block or restrict the flow of well

fluids in the annular region of a well.
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ANNULAR BARRIER TOOL
[0001] This application claims the benefit of United States Provisional Application
60/539,398 filed on January 27, 2004.
Background
[0002] Field of Invention. The present invention pertains to downhole completion

devices, and particularly to a downhole completion device in which a barrier to annular flow 1s

established.

[0003] Related Art. It is often desirable to run a completion device such as a packer, for
example, to block or restrict fluid flow through an annular region in a well. The annular region
at issue is the space between the wellbore wall and a downhole tool such as production tubing or
a completion assembly. Providing an annular barrier to block annular flow allows, for example,

zones to be 1solated.
Summary

[0004] The present invention provides for an annular barrier tool to block or restrict the

flow of well fluids in the annular region of a well.

[0005] Advantages and other features of the invention will become apparent from the

following description, drawings, and claims.
Brief Description of Drawings

[0006] Figure 1 shows a schematic view of a seal element used in an annular barrier tool

constructed in accordance with the present invention.

[0007] Figure 2 shows a schematic view of the seal element of Figure 1 1n a first

compressed state.

[0008] Figure 3 shows a schematic view of the seal element of Figure 1 in a second

compressed state.
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[0009] Figure 4 shows a schematic view of the seal element of Figure 1 in a third

compressed state.

[0010] Figures 5A and 5B show external and internal schematic views, respectively, of

an annular barrier tool constructed in accordance with the present invention.

[0011]} Figures 6A and 6B show external and internal schematic views, respectively, of

multiple annular barrier tools constructed in accordance with the present invention.

[0012] Figure 7 shows a schematic view of a first seal arrangement for the annular barrier

tool of Figure 5.

[0013] Figure 8 shows a schematic view of a second seal arrangement for the annular

barrier tool of Figure 3.

[0014] Figure 9 shows a schematic view of a third seal arrangement for the annular

barrer tool of Figure 5.

[00135] Figures 10A and 10B show schematic views of an alternate embodiment of an

annular barrier tool constructed in accordance with the present invention.

[0016] Figures 11A and 11B show schematic views of an alternate embodiment of the

annular barrier tool of Figure 10A.
Detailed Description

[0017] Referring to Figure 1, a seal element 10 used in an annular barrier tool 12
(hereinafter, ABT 12) (see Figures 5A, 5B, 6A, and 6B) comprises a support 14 disposed
between an outer conformable layer 16 and an inner conformable layer 18. Conformable layers
16, 18 may be, for example, made of rubber, metal, thermoplastic, or an elastomeric material.

Seal element 10 uses support 14 to provide structural support to conformable layers 16, 18 of
ABT 12.

[0018] Seal element 10 1s carried on a mandrel 20 of ABT 12. A ratchet 22 1s mounted

on mandrel 20 near an end of seal element 10. Seal element 10 has mating teeth to engage
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ratchet 22, preventing relative motion between that end of seal element 10 and mandrel 20 in one
direction. A mandrel seal 24 is carried on mandrel 20 and forms a barrier to fluid flow between
mandrel 20 and seal element 10 at the end where mandrel seal 24 is located. Fluid
communication exists, however, between an annulus 26 and a chamber 28 behind inner

conformable layer 18. Figure 1 shows seal element 10 in a relaxed or unenergized state.

[0019] Conformable layers 16, 18 and support 14 are held between end stops 30, 32
(Figure 2). Outer conformable layer 16 is protected against abrasive damage by end stops 30,
32. One end stop (say, 30) is fixed to mandrel 20, while the opposite end stop (32), on which the
mating teeth to ratchet 22 are located, 1s moveably mounted to mandrel 20. Moveable end stop
32 acts as a piston when a force is applied to it. The roles of end stops 30, 32 may be

interchanged.

[0020] When pressure is applied to end stop 32, support 14 1s compressed against fixed
end stop 30, causing support 14 to deflect outward toward and ultimately against a wellbore wall
34 (Figure 3). A setting force may also be applied to end stop 32 using mechanical or chemical
means. While Figure 3 shows the wellbore to be an open hole, ABT 12 may be used in cased
holes as well. Support 14 is compressed and elastically deformed. Ratchet 22 maintains

compression energy in support 14 even if the pressure on end stop 32 1s removed.

[0021] When support 14 i1s deformed sufficiently outward, outer conformable layer 16
surrounding support 14 contacts wellbore wall 34 and creates a seal between wellbore and outer
conformable layer 16. To further increase the sealing capacity, ABT 12 uses, for example,
hydrostatic pressure from a high pressure zone to further increase the pressure applied by ABT
12 against wellbore wall 34 (Figure 4). Injection pressure may also be used. The seal elements
10 may be configured to be used on the up-hole side, the down-hole side, or both, simply by
proper arrangement of seal elements 10. In principle, seal element 10 works similarly to C-cup

type seals.

[0022] The high pressure fluid penetrates beneath inner conformable layer 18 into
chamber 28 and pressures up the interior of seal element 10. This can be achieved, for example,
by a leak path past ratchet 22 or through a port through end stop 32. The pressure further pushes

outer conformable layer 16 against wellbore wall 34, thus increasing the sealing with wellbore
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wall 34. The elastic deformation of support 14 helps maintain the seal with wall 34 even with

the slight variations that may occur because of, for example, changes in pressure, bore shape, and

tool movement.

[0023] Seal element 10 may be stacked with other seal elements 10 to form a module 36

(Figures 5A and 5B). Multiple modules 36, such as the three shown in Figures 6A and 6B, may

be stacked to create an embodiment of ABT 12.

10024] The independent seal elements 10 may be arranged within modules 36 to control
how the high pressure is allowed to get inside the “dome” of chamber 28. There are at least three
possible seal arrangements: (1) facing each other (Figure 7); (2) opposite each other (Figure 8);

and (3) both facing the same side (Figure 9).

[0025] In the embodiment of Figure 7, high pressure fluid below the lower seal element
10 ships past that seal element and enters chamber 28 of the upper seal element 10. Similarly,

high pressure fluid above the upper seal element 10 slips past that seal element and enters

chamber 28 of the lower seal element 10.

[0026] In the embodiment of Figure 8, high pressure fluid below the lower seal element
10 enters chamber 28 of the lower seal element 10. Similarly, high pressure fluid above the

upper seal element 10 enters chamber 28 of the upper seal element 10.

[0027] In the embodiment of Figure 9, high pressure fluid above the upper seal element
10 enters chamber 28 of the upper seal element 10. If any high pressure fluid leaks past the
upper seal element 10, it enters chamber 28 of the lower seal element 10. In all three

embodiments, there 1s no fluid communication between the annular regions above and below

ABT 12.

[0028] ABT 12 may be activated in numerous ways such as activation through tubing
pressure, control line activation, shunt tube activation, and mechanical activation. For example,
a profile may be placed in end stop 32 so that a latching tool run on an intervention device such
as slickline, wireline, or coiled tubing can be releasably affixed to end stop 32. Pulling on the
intervention device will move end stop 32, forcing seal element 10 to set. Alternatively,

pressurized fluid can be transported via the tubing, a shunt tube, or a control line to the entry port
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of chamber 28, pressurizing chamber 28 and setting seal element 10. In some instances it may
be possible to combine two or more of the activation mechanisms, with the aim of building in

redundancy or remedial functionalities.

[0029] An alternate embodiment of ABT 12 (Figures 10A and 10B) has slips 100 and a
seal 102 incorporated into a single unit. In the embodiment shown, slips 100 are arranged over a
barrel support 104 as an integral part of a support sleeve 106. Slips may also be attached by
being welded, for example, directly to support sleeve 106. Support sleeve 106 is preferably
made of metal and is attached and sealed on both ends to upper and lower cones 108, 110. Seal
102 is mounted along a portion of the outer surface of support sleeve 106, preferably in its
central region, and slips 100 are located on opposite sides of seal 102. Seal 102 is preferably
made of rubber, thermoplastic, or an elastomer. When ABT 12 1s actuated, seal 102 seals against
wellbore wall 34 (or casing, if present) and slips 100 anchor ABT 12 in place in wellbore wall 34

(or casing, if present), as shown in Figure 10B.

10030] One cone, say upper cone 108, may be fixed to mandrel 20 of ABT 12, while
lower cone 110 acts as a moveable piston to press against the lower end of barrel support 104.
Lower cone 110 may move, for example, in response to applied pressure or a mechanical force.
Fluid pressure may be applied via a port 112. As described above, a ratchet mounted to mandrel
20 mates with complementary teeth on lower cone 110 to prevent movement of lower cone 110
in a particular direction. When lower cone 110 is displaced to actuate ABT 12, it pushes barrel
support 104 outward toward wellbore wall 34. In response to the outward push of barrel support
104, support sleeve 106 deforms elastically, forcing seal 102 and slips 100 to engage wellbore
wall 34. The roles of upper and lower cones 108, 110 may be interchanged, or both cones 108,

110 may be moveably mounted to mandrel 20. ABT 12 may also be configured to be releasable

to allow ABT 12 to be retrieved.

[0031] Figures 11A and 11B show an embodiment of ABT 12 in which fluid pressure is
allowed to pass through a passageway 116 to bear on barrel support 104. In this embodiment,
fluid pressure aids the actuation and maintenance of contact forces between wellbore wall 34 and

seal 102 and slips 100. Passageway 116 may be located on either end of barrel support 104.
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[0032] [f one or more check valves 118 are used, passageways 116 may be on both sides
of barrel support 104 such that fluid pressure from the higher pressure side will bear on barrel

support 104.

[0033] Although only a few exemplary embodiments of this invention have been
described 1n detail above, those skilled in the art will readily appreciate that many modifications
are possible in the exemplary embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such modifications are intended to
be included within the scope of this invention as defined in the following claims. In the claims,
means-plus-function clauses are intended to cover the structures described herein as performing
the recited function and not only structural equivalents, but also equivalent structures. Thus,
although a nail and a screw may not be structural equivalents in that a nail employs a cylindrical
surface to secure wooden parts together, whereas a screw employs a helical surface, in the
environment of fastening wooden parts, a nail and a screw may be equivalent structures. It is the
express intention of the applicant not to invoke 35 U.S.C. § 112, paragraph 6 for any limitations
of any of the claims herein, except for those in which the claim expressly uses the words ‘means

for’ together with an associated function.
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What 1s claimed 1s:

An annular barrier tool for use in a well comprising:

a mandrel; and

a seal element mounted on the mandrel having an outer layer, a support beneath the outer
layer, and end stops, at least one of the end stops being moveably carried on the mandrel,
and in which the seal element has a passageway to permit fluid pressure to bear on an

inner surface of the support.

The annular barrier tool of claim 1 further comprising an inner layer beneath the support.

The annular barrier tool of claim 2 in which the either the inner and outer layers, or both,

are conformabile.

The annular barrier tool of claim 1 further comprising a mandrel seal near the end stop

farthest from the passageway.
The annular barrier tool of claim 1 in which the support 1s joined to the end stops.
The annular barrier tool of claim 1 further comprising a ratchet mounted on the mandrel.

The annular barrier tool of claim 1in which a plurality of seal elements are arranged on

the mandrel.

The annular barrier tool of claim 7 in which fluid from below a lower seal element passes
into an upper seal element and fluid from above the upper seal element passes into the

lower seal element.

The annular barrier tool of claim 7 in which fluid from below a lower seal element passes

into the lower seal element and fluid from above an upper seal element passes into the

upper seal element.
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The annular barrier tool of claim 7 in which fluud from one side of a first seal element
passes into the first seal element and fluid from that same side that leaks past the first seal

element passes into a second seal element.

An annular barrier tool for use in a well comprising:
a mandrel;

a barrel support carried on the mandrel;

upper and lower cones carried on the mandrel on opposite sides of the barrel support, at

least one of the cones being moveable relative to the mandrel; and

a support sleeve at least partially surrounding the barrel support and joined to the cones,

the support sleeve having slips and a seal thereon.

The annular barrier tool of claim 11 further comprising a port whereby fluid pressure

passing through the port bears on the at least one moveable cone.

The annular barrier tool of claim 11 further comprising a ratchet to prevent motion of the

moveable cone in a particular direction.

The annular barrier tool of claim 11 in which the at least one moveable cone is releasable

from a set position.

The annular barrier tool of claim 11 further comprising a passageway in which fluid
pressure passing through the passageway bears on the barrel support to force the barrel

support radially outward.

The annular barrier tool of claim 11 further comprising an upper passageway and a lower
passageway, each passageway having a one-way valve therein, and in which fluid
pressure passing through either passageway bears on the barrel support to force the barrel

support radially outward.

A method to block or restrict flow in a well annulus comprising:
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placing an annular barrier tool having a seal element comprising an elastic support and a

conformable seal disposed between two end caps 1n a desired location of the well; and

forcing relative motion between the end caps to cause the elastic support and the

conformable seal to move radially outward to engage the wellbore wall.

The method of claim 17 in which the forcing step includes applying fluid pressure on at

least one of the end caps.

The method of claim 17 further comprising applying fluid pressure to the elastic support

to energize the seal element.
The method of claim 17 further comprising stacking a plurality of seal elements.

The method of claim 20 further comprising passing fluid from below a lower seal
element into an upper seal element and passing fluid from above the upper seal element

into the lower seal element.

The method of claim 20 further comprising passing fluid from below a lower seal
element into the lower seal element and passing fluid from above an upper seal element

into the upper seal element.

The method of claim 20 further comprising passing fluid from one side of a first seal
element into the first seal element and passing fluid from that same side that leaks past

the first seal element into a second seal element.

The method of claim 17 further comprising allowing relative separation between the end

caps to allow the elastic support and conformable seal to disengage from the wellbore

wall.

A method to block or restrict flow in a well annulus comprising:

placing in a desired location of the well an annular barrier tool having a seal element
comprising a barrel support and an elastic support having slips and a seal thereon, the seal

element being disposed between two cones; and
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forcing relative motion between the cones to cause the barrel support and elastic support

to move radially outward such that the slips and seal engage the wellbore wall.

The method of claim 25 in which the forcing step includes applying fluid pressure on at

least one of the cones.

The method of claim 25 further comprising applying fluid pressure to the barrel support

to energize the seal element.
The method of claim 25 further comprising stacking a plurality of seal elements.

The method of claim 28 further comprising passing fluid from below a lower seal
element into an upper seal element and passing fluid from above the upper seal element

into the lower seal element.

The method of claim 28 further comprising passing fluid from below a lower seal
element into the lower seal element and passing fluid from above an upper seal element

into the upper seal element.

The method of claim 28 further comprising passing fluid from one side of a first seal
element into the first seal element and passing fluid from that same side that leaks past

the first seal element into a second seal element.

The method of claim 25 further comprising allowing relative separation between the

cones to allow the slips and seal to disengage from the wellbore wall.
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FIG. 3
30 34 16 32

22

FIG. 4
34 16

/
A\\\A\\\_‘A&\\ A\\\'f‘\\\ A\\\A‘\\\“\\\ A\\\.A\\.\\\\- A\\
QR
\\\\\\\\\\\\\\ /// / / / / /\}\/\ \

\\

N N\
&\\\\\ / /// /\/\))\\\\\

g~ A A e e e e T . T . T T e A . —— e - - ‘\_
\\

28 18 22

/f.c



- ar

-

CA 02494484 2005-01-26

-

FYREENN

2
R,
»
»
’
»
¥
»
»
¥
L
»
»
¥
*
¥
¥
»
»
¥

L4

I X 0 0 L U LR

ARSI

[ .

LI JU K LR LR R R

*
*

LoV B Y F ¥V VN T S v ¥V . = -
v”.”.”’”t”’"0”0”0”0”0”’“0” v 4
I JC I LK LR JE R R R R
LA IR IR R IR LK K K IR
LI UL 2 X L R IR
S PPPPFEIPEOOIP
s
& LR K R R 8 JR LUK J
LR IR R JC R LR LR R L R R
» L I N 3 0 a0 ¢ 4
» &
v’b 0’000000&. 0000’00’00
g

-
-
-

<
L

*
o e

‘
.

>4

*
¢

¥’
-

A
»

»
*
&N

.
]

v 4

\J

£ J.‘.J..’J..‘J."‘.’ »
ANAOOOOOOOIOONN
NOOSAASEANISNOL
0000000005 % %% % % %
L 3
.H.H.”.’.“‘“.“’“’“‘” 'v 4
AARNAANAANAN
o 3% %% % % %%
AASABONOOE
MSOSANANSANRE
PO IO
AAAAAANAARAK
L X XN X XX )X
C NN X XN
e » C
oooﬂf&f&&&o
£ ’A...(. ‘f‘f“.“f’
OO
. ‘J’* L 4 “. ‘.."’.'J’.* AL
» LR 2 0 L K 2 0 % |
WSO AARSNK
AN ANARAIEN
* P O ¥ w L IR JE R I
RAAAAAOSAOE
PASAANNANARRNANS
v”. ‘J’”ﬁ“‘”’”‘”‘“‘“‘”ﬁ”‘“’ 4
NS N IO

L J
LR R L L L U 28 0 L 8 8 J
&
00 LI L I
> &5 86
» »
WHAARIIC I
A 2E N M K K N M A N

seern
L0

¢ ¢
’f.’
® &

LS

¢
¢
@

LR
.Q
g

*
o
v
»
oo’

L4
\
*

W
-

’

&
&

&
.0
\
-

&
*

-

* *
LI 4

:

*
®
+*
*

0'0’0'0'6'0:6'0'0'0'0'0*

.

*
&
% &
0.0‘0 »
* &
*. &
b @
v
’.‘:‘

4
N

*
< ¢ ¢ D
*>

»

4

.
e

*
*

*
*
-
s

4 @

»
*
LR
&
»
4

"
F

*
*

- A -

&+
&

@

*
\J

-

®

i

*

*
o¥e ¥’
*

¢

@

-
X

L

i

»
LI
A

e
v
b

.
0

LR 4

¢ ¢

® e
&

e ¢

»
4 &
* & &

»
o'

A
e

PN
..
L
¢

.."
g
L
L 4
®
S
&

»
* &

4

\d
*
®
-

-
\ g
®
¢
®
®

FO 0505 08 80P
*H‘OO‘Q oo
» *
® * * 9 80
LA X IJC I XX NS

LA AR AN AN N 4
» * &9
LR A R
LA IR IR L L LN
* * ¢ ¢ 0

®
&
+

-«
L

.
0

’
4
|
L3
8
[
’
L
.
|
L
L
’
L
:
.s
'
[ ]
)
*
t
[ ]
¢
[ ]
|
3
’
'
L
L
Ll
.-
.
*
Ll
.u
L 4

+»

+* ¢ 0

® ¢ o e
4

w
»
¢
L 4
»

*

*
hy

- - -

-~ v v w

R OO
> 9 9

v

*
#*

J.{
LI L 08 20 0 %

*» & O’tOQOf‘OW'j’ L IR QWF
» @ 00900000‘0‘0‘0 * e.._n
LA 2 0‘0000‘000 > A
* 4 P 0 00000.000. o..

v
L

1
1

\
*

®
9.0 ¢
¢ e

-
¢ .Q
*
*
*

®
L

-
0

&
-

*

v
o
.’.
[ J

*
L
LR J
¢

.
*e
&
A
*

L 4
&

@
4
0’0 & &
b
\g
<+

&
+
*

L R
0” L4
*
[

]
1

L4
L
*
&

e o e s e
&

g
*

1

¢ 0*0
»
s

*

» &

&

® ¢ 9
*

O

LI 4
¥

4

¢

&

@
Ke
&
*

SOOO
*

i

L2
*

L
* »
-

-

A
& B G AE AN G E SRS SN NS E RS EES Y S ESAA S Dsees

&
L4
-

» > ¢
L E X
LIE \J
* & P
»
+ ¢
s

L N 4
.0
&

@«

LR 8 IR 4
00‘

*
*
&
»

*
&
»

*
+
»
*
*

0
.
-
0

L
2

-
&

- e T v v v v rwv
:.:0:0:0:0’0‘.’.’0
* 9 ¢
}’a

® &

@

> &

&

&

&

+

L
LI

L ]
0‘0

L 4
L
L

v
*
g
4
+
« &
*

*®
*
*
¢

o

L
v &
&

SRR
*3%? ” A o”wuwnouc“w“ou
SOOOOOOE
uunnnf’f?«f

A

NSO
OO

RSO

L IR 3E K 3 JC O
OO NI

PSS v 4
L8 C 6 R OF A 2
*ats? > ® & ¢ % ¢

> ¢ % O

L O K R R O

4 &
L6 K 2€ C X K ) »

N CE O
L3 T K 8 0 0 R

L
L R
L JK IR 2
00“
*
> * +
& &
.00
v _rvr_*_v_M_ ¥

\Fhd
LR IR

g
£l
*é

<

+

&

&

@
¥

*

&
‘0
“

L K 4

0..

292 0% 856643909

*
+

A. A’L‘Q‘Q‘b -

oo e oooHoH.Hooo >
RSO

L IR JC 2C 28 JE DL L C L
22 86099064440
#6080 0&P 8PS
L K 2 I 0 UK LN 4
LI U U I ST
LA SR IR S I IR S 2K R IR 4
Av aFt Tk L 0L 20 IR JC K
aTR LTI I IR AR
* & P& Ofﬁ“‘”.n‘“JO‘.ﬁ
LK K L L R L U K LK X

ARAAANRANSSAISONN

» &
* &
’_ ¢
* &
*
@
LR
*¢
’.O;Q
¢ 0.0.0‘0.
LR R 2K N 4
L

-
[
¢
-

v
£
+
&
* &
* &
L IR 4
L JE
* L IR
‘.’.”0
& 4+ &
..’ * s

v
\ 4
\d
&
4
*
®

L4
*
&
LAk M 2K 2R IR

*

w
@
@
&
%

¢

® ¢
* @
. ®

*
¢ - &
¢

-

¢

&

*

E3

» \J
LR R JL 8 R

\J

>

»
* & ¢ &

*

- w
»
*
%
<+
»
* b
L S
*
®
..
. 4
¢ & o ¢

-
.
L IR
»
L
¢ ¢ ¢
* e

*
*
»
A4
hd

L

-
®
>
&
+
\J
*
\

0;0‘0‘0‘0.0.0‘0~.‘f.0 A 3

&
-

LR K 4

w
¢
L
.0
v _ s _%_ 9 _w_r
“.

e 00 6%0%0% %% %% .
Pot0t0%0%5% %0 % % % s e 0t

*
L
-

»
*

A

L AAiALipiAL L A imALA A A A MMMl A AA MMl L AAL L AAL AL A A — A A AA S A e A A A A A —A A A A A A A LAl A AL A A A AL AAAA S AAL S AL A e A S— A\ — " A S—_ A& A_AA_AA S — L S\ L A — A_A L f—_A A A/ @A AAAAA S S— —_A A A S A — — o —_A_A_A S L. O A—_— A A f— . _—— . — A A_f—_8 _—_ A A A A .8

A AV &V MV S G A SV a0 & a & & o = VA S avews

bbb fewbefd Sl Avashdes e e vt S PP AP - A S
i

Pl

B A sd——— A A e, s s—lh 0. v 8 s idrireiiviirerdin. < - ereri -G wivievAn b i v et S ereerr=rires Al e e AT AN i Pt i Nt e e AN AN A A A Al A b N irad b peiri et

SEravayEeeVd ® S W W WM W W T W W T T W T R VSrars sl N\ A A A B A A A s s A A A N &5 LD L L

' av v iV

S T F e E e

COUPLING

M F PV FY Ly NSNS )N

v WA A T Y VA T YA U . T T T T W

PISTON SEAL COUPLING

SEAL

FIG. 6A

’v‘t.uov.-
¢® &b

AL IE LI
*® e
0‘0‘0. ‘0
OO M
¢ : *

.'
*
*

41
4

- -
. -
- -

. “‘
o5
5

e
o&
C‘.
MO

4+ %EeHe

Ye?

tw
-

»
»

*
&
A

g
*
¢

-
“n
-

q}
oo

L

.'
.0
* e

\J
. 4
3OO
K

-+
L

)
‘e
¢ »

»
LI

-
¢
0
B

*» ¢ e
U
el

+
*
&
L

.-'r
"
t 4
¥
%
’.
4

4

v.‘
*
®
¢

.

i
)
o
{
.o

ﬁ?o%

L K

*»
- o 4
MK

&

&
L K J
o e’

* %

®
&

«+

L J
g
» Ld
> & &

A 4
&
¢
L
-~ ‘ A?A.

L)
L 4
&

-
-

& .0
»

’
-

.0
&
.0
S *

¥
+
L2
®

v
@
*

¢
0
.
* &

-
a4
-

v &
q
|

*
Tetatete 0%’

v -
ke
4
’0‘0
> ¥

~

¢

ffo
e’
SOOOOOOOC

- . M
& 9‘0‘0’0

#6464

“&

-

¢
* &

*
SO

PO
-

.‘-.0.0‘0

* o9

‘0.0 ‘0
¢ > o &

4

»
L 4
M

L
L
*

MODULE 1

MODULE 3

MODULE 2

e Tl 'y v vt Sr APt | 40

. ey

DTN PR LI

S PIATTMO A LN 1 2yl il AR R Ny

L

AR

- areraca

C Ry o I A ARON L R A T A TRAID W S 0 P i g B Ve D AV iy e e



CA 02494484 2005-01-26

“‘.\“\.‘\““““\“‘\\““““‘“‘\\\‘\“\““““““

Pl S A -~ sanans oo

P p— TP =Py

““““““““‘\\‘\\““‘““““‘\“‘\“““““““

28 34 26 28 18

A\\A \\A\?Q\‘g\\\a\\\u&\ \\\c\\\&\ "\\c\\\«\
-/

s Ny N N s

“‘.““““‘\“““.\“‘\““‘\\““““““““““““‘

-G~ . A AT  mhAmmATAA AL e e e s e e s s e )
M PP A= PP .

b AT PP - et P PP P SEEp—— - e A, Ap—

—— PP AU

““\‘““““\‘\\“‘“““““““““‘““““\“““

\ ////////////////A\ 7% 77

-
“»

<
> \\‘"\\‘"\\' O N NS N I \\‘

FIG. 9
28 34 28 18 26

A\\\A\\s.\g\.s\\ \\..\\..s\\ AN a.s\\a\

-
"‘

““.““““\\\“‘\\“‘\\“““““‘.‘“““““““\\“

— o— M . NR— - e L o S P

A ST

NN NN N N N N N N A N N A AR A NN NN N N N G N N AL A A N N NN N N NN R AN N N R N S N A N N

7 V22777

s e ¢ be e s ate e e g AT U APV P a0 3ot B2 oies  sam e o . . S St e el e AN e ) U A AT AN A A AMMITIIIT AMIPALT AT ¢ ¢ o TN TR S S AT BT P N s s



\

N\

CA 02494484 2005-01-26

5/6

FIG. 10A
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FIG. 11A
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