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(57) ABSTRACT 
In accordance With the teachings of the present invention, a 
system and method for forming an annular isolator between 
production tubing and a borehole Wall is provided. A section 
of expandable tubing is installed in a borehole, and a sleeve 
disposed around a surface of the tubing cooperates With the 
tubing to form a ?uid chamber. The sleeve includes a ?rst 
portion that is predisposed to expand outwardly under ?uid 
pressure from the ?uid chamber, and a second portion that is 
con?gured such that, When expanded due to ?uid pressure, 
the second portion stores energy that is biased to sustain the 
?uid pressure Within the chamber, in response to a change in 
?uid volume. The tubing may be expanded using a tool dis 
posed Within the tubing. 
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SYSTEM AND METHOD FOR THERMAL CHANGE 
COMPENSATION IN AN ANNULAR ISOLATOR 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates in general to borehole 
annular isolation systems, and more particularly to a system 
and method for thermal change compensation in an annular 
isolator. 

BACKGROUND OF THE INVENTION 

[0002] Oil and gas Wells may pass through a number of 
zones Within a formation to reach the particular oil and/ or gas 
zone(s) of interest. Some of the zones through Which the Well 
may pass may be Water producing. It is desirable to prevent 
Water from these zones from being produced With the pro 
duced oil or gas. Where multiple oil and/or gas zones are 
penetrated by the same borehole, it is also desirable to isolate 
the zones to alloW separate control of production from each 
zone for the most e?icient production. External packers have 
been used to provide annular seals or barriers betWeen pro 
duction tubing and Well casing to isolate the various zones. 

[0003] It has become more common to use open hole 
completions in oil and gas Wells. In these Wells, standard 
casing is cemented only into upper portions of the Well, but 
not through the producing zones. Tubing is then run from the 
bottom of the cased portion of the Well doWn through the 
various production zones. The various production zones often 
have different natural pressures and must be isolated from 
each other to prevent ?oW betWeen zones and to alloW pro 
duction from relatively loW pressure zones. 

[0004] Open hole completions are particularly useful in 
slant hole Wells. In these Wells, the Wellbore may be deviated 
and run horizontally for thousands of feet through a produc 
ing zone. It is often desirable to provide annular isolators 
along the length of the horizontal production tubing to alloW 
selective production from, or isolation of, various portions of 
the producing zone. 

[0005] In open hole completions, various steps are usually 
taken to prevent collapse of the borehole Wall and/ or the ?oW 
of sand from the formation into the production tubing. Gravel 
packing and sand screens are commonly used to protect 
against collapse and sand ?oW. More modern techniques 
include the use of expandable solid or perforated tubing and/ 
or expandable sand screens. These types of tubular elements 
may be run into uncased boreholes and expanded after they 
are in position. Expansion may be by use of an in?atable 
bladder or by pulling or pushing an expansion cone through 
the tubular members. It is desirable for expanded tubing and 
screens to minimize the annulus betWeen the tubular elements 
and the borehole Wall or to actually contact the borehole Wall 
to provide mechanical support and restrict or prevent annular 
?oW of ?uids outside the production tubing. HoWever, in 
many cases, due to irregularities in the borehole Wall or sim 
ply unconsolidated formations, expanded tubing and screens 
Will not prevent annular ?oW in the borehole. For this reason, 
annular isolators are often needed to stop annular ?oW. 

[0006] Use of conventional external casing packers for 
such open hole completions presents a number of problems. 
They are signi?cantly less reliable than internal casing pack 
ers, they may require an additional trip to set a plug for cement 
diversion into the packer, and they are not compatible With 
expandable completion screens. 
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[0007] Efforts have been made to form annular isolators in 
open hole completions by placing a rubber sleeve on expand 
able tubing and screens and then expanding the tubing to 
press the rubber sleeve into contact With the borehole Wall. 
These efforts have had limited success due primarily to the 
variable and unknown actual borehole shape and diameter. 
The thickness of the sleeve must be limited since it adds to the 
overall tubing diameter, Which must be limited to alloW the 
tubing to be run into the borehole. The maximum size must 
also be limited to alloW tubing to be expanded in a nominal or 
even undersized borehole. In Washed out or oversized bore 
holes, normal tubing expansion is not likely to expand the 
rubber sleeve enough to contact the borehole Wall and form a 
seal. To form an annular seal or isolator in variable sized 
boreholes, adjustable or variable expansion tools have been 
used With some success. HoWever it is di?icult to achieve 
signi?cant stress in the rubber With such variable tools and 
this type of expansion produces an inner surface of the tubing 
Which folloWs the shape of the borehole and is not of substan 
tially constant diameter. 

[0008] Some isolators rely upon pressurized ?uid to actuate 
the isolator to its expanded position. Temperature changes 
experienced doWnhole can impact the effectiveness of such 
isolators due to changes in pressure and volume, that may 
accompany dramatic changes in temperature. Changes in 
temperature may have an even greater impact in systems in 
Which the material used to encase the ?uid has a signi?cantly 
different coe?icient of thermal expansion than the ?uid that it 
encases, since temperature changes may cause a change in 
volume and/or pressure of the encased ?uid. 

SUMMARY OF THE INVENTION 

[0009] The teachings of the present invention provide a 
system and method for thermal change compensation in an 
annular isolator. In accordance With a particular embodiment, 
the system includes a section of generally cylindrical tubing 
having a sleeve disposed around a surface of the tubing. The 
sleeve cooperates With the tubing to form a ?uid chamber. The 
sleeve includes a ?rst portion that is predisposed to expand 
outWardly under ?uid pressure from the ?uid chamber, and a 
second portion being con?gured such that, When expanded 
due to ?uid pressure, the second portion stores energy that is 
biased to sustain the ?uid pressure Within the chamber, in 
response to a change in ?uid volume. 

[0010] In accordance With one embodiment, the second 
portion of the sleeve may comprise an at least partially cor 
rugated region. The corrugated region may include longitu 
dinal corrugations at particular locations along the circum 
ference of the sleeve. When the corrugated region is 
expanded, the corrugations are biased toWard the tubing. 
Therefore, any decrease in pressure Within the chamber Will 
cause the corrugations to move toWard the tubing, thereby 
tending to reduce the volume of the chamber to compensate 
for the decrease in pressure. 

[001 1] In accordance With another embodiment, the second 
portion of the sleeve may include a plurality of radialy elastic 
members disposed betWeen the tubing and the sleeve, to 
increase the elastic response of the second portion of the 
sleeve. Thus, the radialy elastic members Will be compressed 
When the tubing is expanded, and the sleeve Will be biased to 
sustain the ?uid pres sure Within the chamber, in response to a 
change in ?uid volume. 
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[0012] Depending on the speci?c features implemented, 
particular embodiments of the present invention may exhibit 
some, none, or all of the following technical advantages. A 
technical advantage may be that an expandable sleeve may 
provide a compliant chamber in Which a ?oWable material 
may be used to expand the sleeve and form an annular seal 
With a borehole Wall. Another technical advantage may be 
that the in?atable sleeve may have certain characteristics that 
alloW an annular seal to be formed in an oversized, Washed 
out, and/or irregular shaped borehole. The ?exibility of the 
in?atable sleeve may alloW it to conform to such irregular 
shapes so long as it does not exceed the maximum alloWable 
expansion of the sleeve. 

[0013] As still another advantage, the expandable sleeve 
may include at least one corrugated portion that compensates 
for volumetric and/or pressure changes caused by tempera 
ture changes, to substantially maintain the annular seal, even 
during variable temperature and/ or pressure conditions. Spe 
ci?cally, during high pressure conditions, the corrugated por 
tion may become slightly deformed to account for a greater 
volume and/or pressure of ?uid in the compliant chamber. 
The corrugated portion may be biased to return to substan 
tially its original shape or to something resembling its origi 
nal shape, hoWever, When the temperature, pressure and/or 
volume in the compliant chamber decreases. Accordingly, a 
further technical advantage may be that the annular seal 
betWeen the expanded sleeve and the borehole Wall may be 
maintained, even during reduced temperature and/ or reduced 
pressure conditions. 

[0014] Other technical advantages Will be readily apparent 
to one skilled in the art from the folloWing ?gures, descrip 
tions and claims. Moreover, While speci?c advantages have 
been enumerated above, various embodiments may include 
all, some or none of the enumerated advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 illustrates a cross-sectional vieW of a bore 
hole With an open hole completion and a number of annular 
isolators in accordance With a particular embodiment of the 
present invention; 

[0016] FIG. 2 illustrates a cross-sectional vieW ofan annu 
lar isolation system suitable for use Within the teachings of the 
present invention; 

[0017] FIG. 3 illustrates a cross-sectional vieW of the annu 
lar isolation system of FIG. 2, in a partially expanded posi 
tion; 

[0018] FIGS. 4A-4C illustrate one annular isolator, of the 
annular isolation system of FIGS. 2 and 3; 

[0019] FIGS. 5A-5C illustrate the annular isolator of FIGS. 
4A-4C, in an expanded position; 

[0020] FIGS. 6A-6B illustrate cross-sectional vieWs of a 
corrugated portion of the annular isolator of FIGS. 4A-4C, in 
an unexpanded and expanded position, respectively; 

[0021] FIGS. 7A-7D illustrate cross-sectional vieWs of fur 
ther example embodiments of corrugated portions available 
for storing elastic strain energy in an expandable sleeve; and 

[0022] FIG. 8 illustrates a cross-sectional vieW of an 
example embodiment of a sleeve that includes radialy elastic 
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members for compensating for volumetric and/or pressure 
changes caused by temperature changes to an expandable 
sleeve. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] FIG. 1 is a cross-sectional vieW of a borehole 10 
With an open hole completion and a number of annular iso 
lators 12. For purposes of this document, an “annular isola 
tor” is a material or mechanism or a combination of materials 
and mechanisms Which minimize or prevent the ?oW of ?uids 
from one side of the isolator to the other, in the annulus 
betWeen a tubular member in a Well and a borehole Wall or 
casing. An annular isolator acts as a pressure bearing seal 
betWeen tWo portions of the annulus. Since annular isolators 
must block ?oW in the annular space, they may have a ring 
like or tubular shape having an inner diameter in ?uid tight 
contact With the outer surface of a tubular member and having 
an outer diameter in ?uid tight contact With the Wall of a 
borehole or casing. An annular isolator may extend for a 
substantial length along a borehole. 

[0024] In accordance With the teachings of the present 
invention, an annular isolator is provided in Which an expand 
able sleeve is actuated by ?uid pressure exerted from a cham 
ber betWeen the sleeve and expandable tubing, and is used to 
form the annular isolator. The sleeve, and therefore the annu 
lar isolator, also incorporates features that accommodate sig 
ni?cant changes in temperature, While maintaining a ?uid 
tight seal betWeen the tubing and the borehole Wall. These 
features Will be described later, in more detail. 

[0025] In FIG. 1, borehole 10 has been drilled from the 
surface of the earth 14. An upper portion of the borehole 10 
has been lined With casing 16 Which has been sealed to the 
borehole 10 by cement. BeloW the cased portion of borehole 
10 is an open hole portion 20 Which extends doWnWard and 
then laterally through various earth formations. For example, 
in the illustrated embodiment, open hole portion 20 of bore 
hole 10 passes through a Water bearing zone 22, a shale layer 
24, a ?rst oil bearing zone 26, and a nonproductive zone 28 
and passes into a second oil bearing zone 30. Open hole 
portion 20 has been slanted so that it runs through zones 22-30 
at various angles. For example, open hole portion 20 is sub 
stantially horizontal through oil-bearing zone 30. Slant hole 
or horizontal drilling technology alloWs such Wells to be 
drilled for thousands of feet aWay horizontally from the sur 
face location of a Well and alloWs a Well to be guided to stay 
Within a single zone if desired. Wells folloWing an oil bearing 
zone Will seldom be exactly horizontal, hoWever, since oil 
bearing zones are normally not horizontal. Thus, open hole 
portion 20 that runs through zone 30 is said to be substantially 
horizontal. 

[0026] Tubing 32 has been placed to run from the loWer end 
of casing 16 doWn through open hole portion 20 of the Well. 
At its upper end, tubing 32 is sealed to casing 16 by a ?rst 
annular isolator 34. A second annular isolator 12 seals the 
annulus betWeen tubing 32 and the Wall of open borehole 20 
Within shale zone 24. It can be seen that isolators 34 and 12 
operate to prevent the annular ?oW of ?uid from Water-pro 
ducing zone 22 and thereby prevent production of Water from 
zone 22. 

[0027] Within oil zone 26, tubing 32 has a perforated sec 
tion 36. Perforated section 36 may be a perforated liner and 
may typically carry sand screens or ?lters about its outer 
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circumference. The term “perforated” as used in this docu 
ment (e.g., perforated tubing or perforated liner) means that 
the member has holes or openings through it. The holes may 
be round, rectangular, slotted, or of any other suitable shape. 
“Perforated” is not intended to limit the manner in Which the 
holes are made. For example, “perforated” does not require 
that the holes be made by perforating and does not limit the 
arrangement of the holes. 

[0028] A pair of annular isolators 38 prevents annular ?oW 
to, from, or through nonproductive zone 28. Isolators 38 may 
be a single isolator extending completely through nonproduc 
tive zone 28 if desired. In the illustrated embodiment, hoW 
ever, the combination of second isolator 12 and the up-hole 
isolator 38 alloWs production from oil zone 26 into perforated 
tubing section 36 to be selectively controlled and prevents the 
produced ?uids from ?oWing through the annulus to other 
parts of open borehole 20. 

[0029] Within oil zone 30, tubing 32 is illustrated as having 
tWo perforated sections 40 and 42. Sections 40 and 42 are 
perforated and may have sand screens or ?lters disposed 
about the outer circumference of sections 40 and 42A second 
pair of annular isolators 44 and 46 are provided to seal the 
annulus betWeen tubing 32 and the Wall of open borehole 20 
Within second oil zone 30. In an alternative embodiment, 
tubing 32 may be plugged at its doWnhole end, in Which case 
isolator 46 Would not be required. Annular isolators 38, 44, 
and 46 alloW separate control of ?oW of oil into perforated 
sections 40 and 42 and prevent annular ?oW of produced 
?uids to other portions of open borehole 20. As described 
above, the horizontal section of open hole 20 may continue 
for thousands of feet through the oil bearing zone 30. Tubing 
32 may likeWise extend for thousands of feet Within oil zone 
30 and may include numerous perforated sections Which may 
be divided by numerous annular isolators, such as isolators 44 
and 46, to divide oil zone 30 into multiple areas for controlled 
production. 

[0030] In particular embodiments, tubing 32 may include 
expandable tubular sections. Both the solid sections of tubing 
32 and perforated sections 40 and 42 may be expandable. 
Depending on the types of expansion required, a ?xed expan 
sion cone and/ or a variable diameter expansion cone may be 
used to expand tubing 32. The ?xed expansion cone may be 
carried on an expansion tool string and may be used to expand 
the entire tubing string as the tool is run doWn the borehole. 
Where additional expansion is desired at particular locations 
in tubing 32, an adjustable cone may be carried on the expan 
sion tool string in addition to the ?xed cone. Alternatively, an 
adjustable cone may be carried doWn hole With tubing 32 as 
tubing 32 is installed and picked up by the expansion tool 
When the cone reaches the end of tubing 32. 

[0031] The use of expandable tubing 32 provides numerous 
advantages. For example, expandable tubing 32 is of reduced 
diameter during installation, Which facilitates installation in 
offset, slanted, or horizontal boreholes. Upon expansion, 
solid or perforated tubing 32 and screens provide support for 
uncased borehole Walls While screening and ?ltering out sand 
and other produced solid materials Which can damage tubing 
32. After expansion, the internal diameter of tubing 32 is 
increased improving the ?oW of ?uids through tubing 32. 

[0032] It is desirable for expandable tubing 32 to reduce the 
annulus betWeen tubing 32 and the borehole Wall as much as 
possible. The tubing may be expanded only a limited amount, 
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hoWever, Without rupturing. It is therefore desirable for tub 
ing 32 to have the largest possible diameter in its unexpanded 
condition as tubing 32 is run into the borehole. That is, the 
larger tubing 32 is before expansion, the larger tubing 32 may 
be after expansion. Elements carried on the surface of tubing 
32 as it is run into a borehole increase the outer diameter of the 
string. The total outer diameter must be sized to alloW the 
string to be run into the borehole. The total diameter is the 
sum of the diameter of the actual tubing 32 plus the thickness 
or radial dimension of any external elements. Thus, external 
elements effectively reduce the alloWable diameter of the 
actual expandable tubing 32. 

[0033] Since there are limits to Which expandable tubing 32 
may be expanded and the borehole Walls are typically irregu 
lar and may actually change shape during production, annular 
?oW cannot be prevented merely by the use of expandable 
tubing 32, including expandable perforated sections and 
screens 40 and 42. To achieve the desirable ?oW control, 
annular barriers or isolators 44 and 46 are needed. Typical 
annular isolators such as in?atable packers, hoWever, have not 
been found compatible With the type of production installa 
tion illustrated in FIG. 1 for various reasons, including the 
fact that the structural members required to mount and oper 
ate such packers are not expandable along With the tubing 
string. 

[0034] The annular isolators included in prior systems have 
typically included thin rubber sleeves on the outside of 
expandable screens and/or tubing. The sleeves may extend for 
substantial distances along the axial length of the tubing. 
Even after the tubing is expanded such sleeves may not make 
contact With the Wider portions of the borehole and, thus, may 
not form an effective annular isolator. As a further problem, in 
thin portions of the borehole, these prior sleeves may contact 
the borehole Wall before the expandable tubing is fully 
expanded creating excessive forces in the expansion process. 
Due to their axial length, the forces required to extrude or ?oW 
such sleeves axially in the annulus cannot be generated by an 
expansion tool and, if they could, Would damage the borehole 
or the tubing. 

[0035] Another type of annular isolator used in prior sys 
tems includes a ring or band of elastomeric material, such as 
rubber, carried on the outer surface of the tubing. As com 
pared to the annular isolators described above, the ring or 
band may have a fairly short axial dimension (its length along 
the axial length of the tubing), but have a relatively long radial 
dimension (the distance it extends from the tubing in the 
radial direction toWards the borehole Wall). The rings are 
preferably tapered to have a longer axial dimension Where 
bonded to the outer surface of the tubing and shorter axial 
dimension on the end Which ?rst contacts the borehole Wall. 
A pair of such rings separated by a continuous sleeve of 
elastomer may form a single annular isolator such as isolator 
44 in FIG. 1. During the expansion process, the tubing is 
expanded to a larger diameter and a ring or band such as that 
described above may be forced into contact With the borehole 
Wall. Expansion of the tubing reduces the radial dimension 
and increases the axial dimension of the rings or bands. 

[0036] Another type of annular isolator includes a sleeve, 
or jacket, disposed around the outer diameter of a portion of 
the tubing. The area betWeen the sleeve and the tubing may 
form a compliant chamber that is at least partially ?lled With 
a ?uid or other pressurized material. As Will be described in 
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more detail below, the sleeve may include a weakened portion 
that may be expanded using the ?uid in the compliant cham 
ber. The combination of the expanded sleeve and the ?uid 
may form an annular isolator that operates to separate tWo 
Zones or sections Within a Zone of a formation. Temperature 
changes caused by the injection of ?uids during production, 
hoWever, may cause a decrease in the pressure and/ or volume 
of the ?uid in the compliant chamber. As a result, the seal 
betWeen the jacket and the borehole Wall may be broken and 
the annular isolator may be ineffective for preventing Water 
and other undesirable ?uids and particulate from being pro 
duced With the desired hydrocarbons. 

[0037] FIGS. 2 and 3 illustrate an annular isolation assem 
bly 200 that may be used to accomplish annular isolation of 
production Zones, as described above. Annular isolation 
assembly 200 includes tWo annular isolators 202 and 203, 
having a centraliZer 206 disposed therebetWeen. Each of 
annular isolators 202 and 203 may be actuated to expand and 
seal the annulus 197 betWeen tubing 204 and borehole Wall 
199. In FIG. 2, annular isolators 202 and 203 are each in an 
initial, installed position. In FIG. 3, annular isolator 202 is 
illustrated in an expanded position. 

[0038] The actuation of annular isolators 202 and 203 is 
accomplished by causing ?uid pressure to expand a central 
region of the respective annular isolator. Moreover, each of 
annular isolators 202 and 203 have been modi?ed to accom 
modate substantial changes in temperature, While maintain 
ing an adequate seal betWeen tubing 204 and borehole Wall 
199. Since the con?guration and operation of annular isola 
tors 202 and 203 are very similar, the description beloW Will 
focus upon annular isolator 202. HoWever, it Will be recog 
niZed by those having ordinary skill in this art, that all of the 
components, features, modi?cations, alternatives and/or 
advantages discussed With regard to annular isolator 202 may 
be applied to annular isolator 203, as Well. 

[0039] Although the illustrated embodiment includes tWo 
annular isolators having a centraliZer disposed therebetWeen, 
it should be recogniZed that these, and various other compo 
nents may be modi?ed, omitted or relocated Within the teach 
ings of the present invention. For example annular isolator 
203 and/or centraliZer 206 could be omitted from annular 
isolation assembly 200, and annular isolation assembly 200 
could still be used to seal the annulus betWeen tubing 204 and 
sleeve 205 (shoWn in detail in FIGS. 4A-4C). Furthermore, 
more than tWo annular isolators could be provided upon a 
particular annular isolation system, if design consideration so 
Warranted. CentraliZers may be placed betWeen annular iso 
lators, or tWo centraliZers could be provided on either side of 
one or more annular isolators. 

[0040] CentraliZer 206 functions to protect other compo 
nents of annular isolation assembly 200 during installation 
and retrieval, through the borehole. Accordingly, centraliZer 
206 is disposed around the exterior of tubing 204, and extends 
outWardly therefrom. CentraliZer 206 is provided With a suf 
?cient exterior diameter to extend radialy outWard slightly 
beyond annular isolators 202 and 203, When annular isolators 
202 and 203 are in their respective unactuated positions. This 
serves to protect annular isolators 202 and 203 from contact 
With the borehole Wall and/ or other debris, during installation 
and retrieval. Moreover, centraliZer 206 tends to “center” 
annular isolator assembly Within the borehole, to prevent 
signi?cant friction With the casing and/or borehole Wall, and 
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to prevent annular isolator assembly 200 from becoming 
lodged Within the casing and/ or borehole. 

[0041] Although a single annular isolation assembly 200 is 
illustrated in each of FIGS. 2 and 3, it is generally recogniZed 
that a tubing string may include any appropriate number of 
annular isolation assemblies 200. Each annular isolation 
assembly 200 may expand at different pressures and may or 
may not include pressure relief valves. Where desired, pres 
sure relief valves may protect the system from excessive 
pressure. The combinations of these elements provides for 
maximum in?ation to form one or more annular isolators in a 

large irregular borehole, While alloWing the same system to be 
in?ated to form an annular isolator in a nominal or undersiZed 
borehole Without causing excessive pressures or forces Which 
may damage the annular isolator forming sleeve, ring, etc., 
the tubing or an expansion tool. 

[0042] FIGS. 4A-4C illustrate annular isolator 202 in more 
detail. Annular isolator 202 includes an elongate, longitudinal 
sleeve 205 that is installed around the circumference of tubing 
204, and forms a ?uid chamber 209, betWeen tubing 204 and 
sleeve 205. Fluid chamber 209 extends betWeen and is 
de?ned, at least in part, by a pair of elastomeric relief valves 
208. Relief valves 208 help to contain a material (e. g., ?uid) 
Within ?uid chamber 209, but also alloW for the selective and 
partial release of ?uid from chamber 209, to alleviate exces 
sive pressure therein. Fluid chamber 209 may also be referred 
to herein as a “compliant chamber.” 

[0043] A portion of sleeve 205 is intentionally Weakened, 
to alloW for greater expansion of that portion, With respect to 
the otherportions of sleeve 205. Thus, When ?uid 212 is under 
pressure, a Weakened portion 224 Will “fail” or expand ?rst, 
and bulge out toWard the borehole Wall. A thin Walled, metal 
sheath at this portion is expandable, or “in?atable” under ?uid 
pressure. 

[0044] In particular embodiments, the annular isolation 
assembly 200 illustrated in FIGS. 2-4C may be installed in 
lieu ofisolators 12, 38, 44 and/or 46 of FIG. 1. Accordingly, 
annular isolation assembly 200 may form any portion of 
tubing Where it is desirable to form an annular seal betWeen 
tWo Zone formations or betWeen tWo sections Within a single 
Zone formation. 

[0045] Sleeve 205 as installed has an inner diameter that is 
greater than the outer diameter of expandable tubing 204 to 
increase the amount of ?uid 212 Which may be carried doWn 
hole With expandable tubing 204. Sleeve 205 is bonded by 
Welding or otherWise to expandable tubing 204 at an up hole 
end 214. Sleeve 205 may be referred to as a “metal” sleeve, 
sheath, or jacket primarily to distinguish from elastomeric 
materials. Sleeve 205 may be formed of any metallic like 
substance such as ductile iron, stainless steel (e.g., 316L) or 
other alloys, or a composite including a polymer matrix com 
posite or metal matrix composite. 

[0046] The ?uid chamber 209 formed by sleeve 205 and 
tubing 204 is ?lled With a ?uid 212, Which may be any type of 
liquid, gas, or liquid like solid that in?ates sleeve 205 to form 
an annular isolator against the borehole Wall. In particular 
embodiments, ?uid 212 may include chemical systems Which 
react With ambient ?uids to become viscous, semisolid or 
solid. Fluid 212 may also include ?oWable solid materials 
such a glass beads. 

[0047] In another embodiment, ?uid 212 may include very 
small spheres, for example ceramic beads. The beads may be 
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coated With a ?uid to reduce friction. In this embodiment, the 
beads Would exhibit ?uid-like behavior, but Would expand 
and contract more closely to the rate of the tubing and the 
sleeve, since the thermal expansion coef?cient Would likely 
be closer to that of a metal. 

[0048] In still another ebmodiment, ?uid 212 may be a 
sealant and/or a ?uid that changes state to a solid or semi 
solid. In this embodiment, force could be transmitted through 
the solid or semi-solid Within the ?uid chamber, if the solid 
and/or semi-solid Were su?iciently elastic. 

[0049] The Weakened portion 224 of outer sleeve 205 is 
predisposed to expand at a loWer pressure than the remaining 
portion of sleeve 205. Weakened portion 224 may be made of 
a different material or may be treated to expand at loWer 
pressure. For example, Weakened portion 224 may be 
notched, perforated, or heat-treated, e.g. annealed, before 
assembly such that reduced pressure, or force is needed to 
in?ate Weakened portion 224 When ?uid 212 becomes pres 
suriZed. In particular embodiments, Weakened portion 224 
may comprise corrugated pipe. The corrugations may encom 
pass the full circumference of Weakened portion 224 such that 
sleeve 205 remains expanded after the expansion process. 

[0050] For the purposes of the present invention, “Weak 
ened portion” refers to a portion of the sleeve that is predis 
posed to expand more readily than other portions of the 
sleeve. It is not intended to mean that the Weakened portion is 
necessarily processed in some manner to Weaken it. Although 
various methods are available to Weaken a section of the 
metallic sleeve, the Weakened portion may be provided as an 
unprocessed thin-Walled material or sheath, that is more 
likely to expand than other portions of the sleeve. The Weak 
ened portion may or may not be comprised of the same 
material as other portions of the sleeve. 

[0051] FIGS. 5A-5C illustrate annular isolator 202 in an 
expanded position. FIG. 5B illustrates Weakened portion 224 
in its “in?ated”, or expanded position. 

[0052] Sleeve 205 may be covered by an elastomeric sleeve 
or layer 226 on its outer surface. Elastomeric sleeve 226 is 
particularly bene?cial on Weakened portion 224. (See FIGS. 
4B and 5B.) For example, if Weakened portion 224 is corru 
gated, elastomeric sleeve 226 Will help form a seal With a 
borehole Wall in case the corrugations are not completely 
removed during the expansion process. Elastomeric sleeve 
226 Would also be bene?cial on any portion of the sleeve 205 
Which is perforated. 

[0053] Elastomeric sleeve 226 is optionally provided to 
protect Weakended portion 224 from the environmental ele 
ments of the Wellbore. Weakened portion 224 is typically 
thin-Walled and expandable, and is susceptible to damage due 
to contact With the Wall of the borehole, or other debris 
present in the Wellbore. Sharp or sturdy objects could there 
fore puncture or damage Weakened portion 224, and elasto 
meric sleeve 226 helps to minimiZe the exposure of Weakened 
portion 224 to such haZards. 

[0054] In operation, annular isolation assembly 200 is run 
into a Wellbore in the unexpanded condition illustrated in 
FIGS. 2 and 4A-4C. The tubing may be provided in one or 
more of various siZes. In the illustrated embodiment, it is 
contemplated that the tubing Will be provided With a 7" outer 
diameter and may be expanded to a diameter of 8.03". Once 
properly positioned, an expander cone 211 (See FIG. 3) is 

Nov. 12, 2009 

forced doWnhole through tubing 204. (From top to bottom on 
FIGS. 4A-4C.) As the expander cone 211 is pushed through 
the portion of tubing 204 that is enshrouded by annular iso 
lator 202, sleeve 205 expands along With tubing 204. Addi 
tionally, the pressure of ?uid 212 in ?uid chamber 209 is 
increased. Speci?cally, as the cone passes through the portion 
of tubing 204 that is surrounded by corrugated portion 228, 
the pressure of ?uid 212 adjacent the corrugations increases. 
The increase in pressure causes the corrugations of sleeve 205 
to become slightly deformed such that corrugated portion 228 
bulges slightly (see FIG. 5A). The expander cone 211 also 
causes a portion of the ?uid 212 in the corrugated portion 228 
of ?uid chamber 209 originally stored adjacent corrugated 
portion 228 to be sWept, or squeezed toWard Weakened por 
tion 224. 

[0055] Since the ?uid is forced doWnhole toWard Weakened 
portion 224, it is anticipated that the majority of the ?uid in 
chamber 209 Will initially be stored uphole from Weakened 
portion 224. Therefore, it may be bene?cial to design the ?uid 
chamber 209 such that the volume of the chamber uphole 
from Weakened portion 224 is substantially greater than the 
portion of the chamber located doWnhole from Weakened 
portion 224. In the illustrated embodiment, it is envisioned 
that the ?uid chamber 209 Will store approximately 5 in3/ inch 
of length. HoWever, this value may be adjusted substantially 
Within the teachings of the present invention. Moreover, it 
may be desirable to design the annular isolator such that more 
?uid is stored per inch of length uphole from Weakened por 
tion 224 than is stored doWnhole from Weakened portion 224. 

[0056] As the expander cone 211 passes through Weakened 
portion 224, the pressure of ?uid 212 is further increased. 
Because Weakenedportion 224 has a predisposition to expand 
When the pressure in ?uid chamber 209 increases, the Weak 
ened portion expands, or “in?ates” outWardly toWards the 
borehole Wall. In?ation begins With Weakened portion 224 
Which in?ates at a ?rst pressure level. When Weakened por 
tion 224 contacts the borehole Wall, the pressure of ?uid 212 
increases until a second pressure level is reached at Which 
other portions of outer sleeve 205 may begin to in?ate. If 
proper dimensions have been selected, the Weakened portion 
224 and elastomeric layer 226 Will be pressed into conform 
ing contact With the borehole Wall. To ensure that such contact 
is made, it is desirable to have an excess of ?uid 212 available. 
If there is excess ?uid 212 and outer sleeve 205 makes ?rm 
contact With an outer borehole Wall at its Weakened portion 
224, the expansion process Will raise the pressure of ?uid 212 
to a third level at Which one or both of the pressure relief 
valves 208 may open and release excess ?uid 212. The excess 
?uid 212 may then ?oW through the loWer pressure relief 
valve 208 into the annular space betWeen tubing 204 and a 
borehole Wall. 

[0057] In the illustrated embodiment, pressure relief valves 
are formed by crimping sleeve 205 over tubing 204 With an 
elastomeric sleeve disposed therebetWeen. The elastomeric 
sleeve is therefore compressed, and functions to provide a 
?uid tight seal betWeen the sleeve and the tubing. HoWever, 
the design also alloWs for the release of ?uid from the cham 
ber if the ?uid reaches a predetermined, maximum value. It 
Will be recogniZed that there are various Ways knoWn in the art 
to provide pressure relief functionality to the seal betWeen the 
sleeve and the tubing. 

[0058] If there Were no pressure relief mechanism, such as 
pressure relief valves 208, excessive pressure could occur in 
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?uid 212 during expansion and the expansion tool, tubing, 
and/ or borehole Wall could experience excessive forces. The 
result could be collapse of tubing 204, rupture of tubing 205 
(e. g., at weakened portion 224), and/ or or stoppage or break 
age of the expansion tool. Pressure relief valves 208 release 
excess ?uid 212 into the annulus to avoid excess pressures 
and forces. 

[0059] The pressure relief valves are con?gured to release 
?uid from the ?uid chamber during expansion of the expan 
sion tubing, and then hold a particular pres sure afterWards. In 
accordance With a particular embodiment of the present 
invention, the pres sure relief valve may be designed to release 
?uid from the ?uid chamber When the pressure reaches 1,500 
psi prior to expansion and 2,000 psi after expansion of the 
expandable tubing. 
[0060] In accordance With another embodiment of the 
present invention, excess ?uid that is intended to be dis 
charged from the ?uid chamber may be used as a sealant. 
Various ?uids are knoWn in the art that become very viscous, 
semi-solid and/or solid, to prevent the ?oW of ?uid through 
the annulus. 

[0061] Annular isolator 202 exhibits several functional fea 
tures and advantages. For example, the corrugations of cor 
rugated portion 228 of sleeve 205 have spring like qualities 
that compensate for volumetric and/or pressure changes 
caused by temperature changes in ?uid chamber 209. During 
production operations, ?uids may be pumped doWn tubing 
string 204 for any of a variety of reasons that are Well known 
in the art. Often these ?uids are inserted into the borehole at 
ambient temperatures that correspond With the surface. The 
temperature of the ?uids may operate to substantially cool the 
surface of tubing 204, the annular isolator 202, and ?uid 212 
in chamber 209. The temperature change may cause the inter 
nal pressure and/or volume of ?uid 212 to decrease. The end 
result may be that the annular seal formed by Weakened 
portion 224 is broken, as Weakened portion 224 retracts aWay 
from the borehole Wall due to the reduced pressure. As an 
example, such a temperature change may result if ?uid at 90° 
F. is pumped into a Well having an ambient temperature of 
approximately 2500 F. 

[0062] The decrease in pressure is caused, at least in part, 
due to the change in volume of ?uid 212 as it relates to the 
change in volume of chamber 209. Most ?uids have a higher 
coe?icient of thermal expansion than metal, and therefore, 
Will contract faster than metal When subject to decreased 
temperature. Therefore, the volume of ?uid Within the cham 
ber Will contract faster than the chamber itself, and cause a 
decrease in the pressure caused by the ?uid. Furthermore, 
since the rate of thermal of expansion of the material that 
forms that borehole Wall may also be signi?cantly different 
than the respective coe?icients of the metal and ?uid, tem 
perature changes can impact the siZe of the annulus, and 
therefore, the quality of the seal provided by the annular 
isolator. 

[0063] In the illustrated embodiment of FIGS. 4A-4C and 
5A-5C, a second corrugated portion 229 is provided (See 
FIGS. 4C and 5C, speci?cally) that functions similarly to 
corrugated portion 228. In this embodiment, hoWever, the 
second corrugated portion 229 is located doWnhole from 
Weakened portion 224. It should be recogniZed that corru 
gated portion 229 is optional, and a single corrugated portion 
228 may be provided Within the teachings of the present 
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invention. Moreover, the location of the corrugated portion 
may be uphole, or doWnhole from Weakened portion 224, and 
remain Within the teachings of the present invention. 

[0064] The combination of corrugated portion 228 and 229 
cooperate to function as a pressure regulator, With ?uid cham 
ber 209. Thus, force and/or pressure exerted upon corrugated 
portion 228 from the annulus, can be transferred through ?uid 
212 to corrugated portion 229, to minimize the threat that 
overpressure of the annulus uphole from corrugated portion 
228 Will result in failure of the seal betWeen sleeve 205 and 
the borehole Wall. Moreover, corrugated portion 229 may be 
designed to “absor ” high pressure Within ?uid chamber 209 
through plastic deformation. This compensates for high pres 
sure Within ?uid chamber 209 caused by high temperature 
and/or pressure of ?uid 212, expansion of the annular isolator 
toWard the borehole Wall, shrinkage or partial collapse of the 
borehole Wall, and/or many other factors. 

[0065] The amount of ?uid pressure that’s trapped in the 
?uid chamber Will also depend, at least in part, upon the speed 
With Which the expandable tubing is expanded. The amount of 
pressure that corrugated portion 229 can handle during opera 
tion is based upon several factors, including its length, and 
stiffness. Thus, the length and stiffness can be modi?ed 
according to a particular design, based upon the amount of 
pressure anticipated in the annulus and/or ?uid chamber. 

[0066] The combination of corrugated portions 228 and 
229 effectively carry differential pressures across multiple 
chambers, so that the chambers are not damaged. Both plastic 
and elastic deformation are used to limit the overall pressure 
differential that are experienced Within ?uid chamber 209. 

[0067] In this manner, the doWnstream corrugated portion 
may be con?gured to accomplish a safety feature, to prevent 
the ?uid chamber from exceeding a maximum pressure. The 
doWnstream corrugated portion may be designed to absorb 
excess pressure in the ?uid chamber using plastic deforma 
tion of corrugated portion 229, before the system fails due to 
pressure overload. 

[0068] It Will be recogniZed, that a stacked con?guration of 
annular isolators may be used in series, to compensate for 
higher pressures in the annulus than a single annular isolator 
could handle. 

[0069] In accordance With another embodiment of the 
present invention, a recess or compartment may be provided 
in expandable tubing 204, in Which ?oWable ?uid 212 that is 
used to form an annular isolator is carried With the expandable 
tubing When it is run into a borehole. In this embodiment it is 
desirable for su?icient ?uid 212 to be carried With the tubing 
to form an annular isolator in an oversiZed and/or Washed out 
borehole. It is generally recogniZed that the borehole may not 
only be enlarged, but may have an irregular shape. Speci? 
cally, the Width may be greater than height or vice versa and 
the bottom may be ?lled With cuttings making it ?atter than 
the top. Accordingly, the ?exibility of Weakened portion 224 
of sleeve 205 alloWs it to conform to such irregular shapes. 
The volume of ?uid 212 carried in expandable tubing 204 
should be suf?cient to in?ate sleeve 205 into contact With 
such irregular shaped holes so long as it does not exceed the 
maximum alloWable expansion of sleeve 205. It is also desir 
able that the same systems function properly in a nominal or 
even undersiZed borehole. Accordingly, expandable outer 
sleeve 205 has certain characteristics Which make this multi 
function capability possible. 
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[0070] Although speci?c orientations and con?gurations of 
annular isolators are illustrated and described Within this 
speci?cation, such embodiments are not intended to limit the 
scope of the present invention. For example, it Will be appre 
ciated that the location, con?guration and/or orientation of 
the components described herein may be altered signi?cantly, 
Within the teachings of the present invention. In many 
instances, the location and orientation of the components Will 
be driven, at least in part, based upon the pressure differentials 
experienced in the borehole. Thus, the uphole, and doWnhole 
designations described herein may be reversed for example, if 
the “high pressure side” and the “loW pressure side” of the 
annular isolator are opposite of those described herein. 

[0071] FIGS. 6A and 6B illustrate a cross section ofisolator 
202 through corrugated portion 228, in more detail. In the 
illustrated embodiment, corrugated portion 228 includes 
three corrugated regions 232 having multiple corrugations 
230. The starting point of each corrugated region 232 is 
approximately 120 degrees from the starting point of the 
adjacent corrugated regions 232. In another embodiment, tWo 
corrugated regions may be provided, spaced apart by 180°. 
FIG. 6A illustrates the relationship betWeen tubing 204 and 
corrugated portion 228 of sleeve 205, prior to expansion by 
expansion cone 211. Thus, corrugations 230 of corrugated 
portion 228 are illustrated in an undefor'med state in FIG. 6A. 
In contrast, FIG. 6B illustrates the relationship, after expan 
sion by expansion cone 211 and the deformation of corruga 
tions 230. As described above, such deformation may be the 
result of the force of expansion cone 211 and the high pres 
sure of ?uid 212 during the expansion process. 

[0072] As described above, corrugated portion 228 has cor 
rugations 230, Which exhibit spring-like qualities to sustain a 
pressure (e.g., limit or minimiZe pressure loss) Within the 
?uid chamber, in response to a change in ?uid volume. Spe 
ci?cally, as the internal pressure and volume of ?uid 212 is 
decreased by the injection of ambient ?uids and associated 
temperature reduction, corrugations 230 of corrugated por 
tion 228 are biased to return from their slightly deformed 
shape to substantially their original shape or something simi 
lar to their original shape (e.g., accounting for plastic defor 
mation). Thus, corrugations 230, Which are biased inWard, to 
return to substantially their original shape of FIG. 6A When 
the high pressure of ?uid 212 is reduced and, consequently, 
the volume of ?uid 212 is reduced. As a result, While the 
overall volume of ?uid in chamber 209 may be reduced, the 
volume of ?uid 212 in Weakened portion 224 may be substan 
tially unchanged. In this manner, pressure loss (inside the 
?uid chamber) due to temperature changes, is minimized, due 
to the elastic deformation of the corrugated portions. Accord 
ingly, the annular seal provided by the expanded Weakened 
portion 224 may be maintained and the Zone or portion of the 
Zone continuously isolated to prevent the production of Water 
and other undesirable ?uids. 

[0073] Each corrugated region 232 has at least ?ve measur 
able dimensional characteristics, Which determine each cor 
rugated section’s ability to store elastic energy, in accordance 
With the teachings of the present invention. A ?rst measurable 
characteristic is the number of corrugations 230 included in 
each corrugated region 232. The number of corrugations is 
the number of Waves present in a single corrugated region 
232. For example, each corrugated region 232 of corrugated 
portion 228 has three corrugations. A second measurable 
characteristic may include the period, illustrated as “P”, asso 
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ciated With each corrugated region 232. The period is the 
angular dimension of the entire corrugated region 232 from 
beginning to end. For example, each corrugated region 232 
may include a period of approximately 15 degrees. A third 
measurable characteristic may include a corrugation angle, 
illustrated as “A”, Which is the angle of decline that each 
corrugation creates. A fourth measurable characteristic may 
include a corrugation depth, measured from the top of a 
corrugation to the bottom of a corrugation. Stated differently, 
this measurement is analogous to the amplitude of the Wave 
that comprises a single corrugation. A ?fth measurable char 
acteristic may include a thickness of the sleeve. The thickness 
of the sleeve is the difference betWeen the outer diameter of 
the sleeve and the inner diameter of the sleeve at a location 
spaced from the corrugations. 
[0074] Each measurable characteristic described above 
determines the degree to Which a corrugated portion 228 may 
provide compensation for volumetric and/or pressure 
changes caused by temperature changes in the material of the 
compliant chamber. For example, the more corrugations 
present in a corrugated region 232, the more energy the cor 
rugation may store. Accordingly, FIGS. 6A-6B illustrate 
merely one example embodiment of a corrugated portion 228. 
Modi?cations, additions, or omissions may be made to cor 
rugated portion 228 Without departing from the scope of the 
invention. For example, each corrugated portion 228 may 
include more or less corrugated regions 232, as is appropriate 
for the particular application. Additionally, each corrugated 
region 232 may include more or less corrugations. Other 
example embodiments of corrugated portions are illustrated 
in FIGS. 7A-7D. 

[0075] FIG. 7A illustrates a corrugated portion 400 that 
includes three corrugated regions 402 of ?ve corrugations 
403 each. Corrugated regions 402 are disposed approxi 
mately 120 degrees apart, as measured from a beginning point 
of a corrugated section 402 to a beginning point of an adjacent 
corrugated section 402. In the illustrated embodiment, the 
corrugations protrude in a generally inWard direction toWard 
the tubing string. 
[0076] FIG. 7B illustrates a corrugated portion 410 that 
includes eight corrugated regions 412 of tWo corrugations 
413 each. Corrugated regions 412 are disposed approxi 
mately 45 degrees apart, as measured from a beginning point 
of a corrugated region 412 to a beginning point of an adjacent 
corrugated region 412. In the illustrated embodiment, the 
corrugations protrude in a generally inWard direction toWard 
the tubing string. 
[0077] FIG. 7C illustrates a corrugated portion 420 that 
includes tWelve corrugated regions 422 of one corrugation 
each. Corrugated regions 422 are disposed approximately 30 
degrees apart, as measured from a beginning point of a cor 
rugated region 422 to a beginning point of an adjacent corru 
gated region 422. In the illustrated embodiment, each corru 
gation protrudes in a generally inWard direction toWard the 
tubing string. 
[0078] FIG. 7D illustrates a corrugated portion 430 that 
includes eight corrugated regions 432 of one corrugation 
each. Corrugated regions 432 are disposed approximately 45 
degrees apart, as measured from a beginning point of a cor 
rugated region 432 to a beginning point of the next corrugated 
region 432. 
[0079] Another distinguishing characteristic of corrugated 
portion 430, hoWever, is that each corrugation protrudes in a 
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generally outward direction from the tubing string encased by 
the sleeve including corrugated portion 430. Because each 
corrugation protrudes outWardly, the residual volume of ?uid 
after expansion is potentially decreased. 
[0080] The design or selection of a particular corrugated 
cross section is based upon tWo goals of the system. First, it is 
bene?cial to store a substantial amount of elastic strain energy 
in the system. In other Words, it is a design goal to get as much 
elastic volume change in the ?uid chamber as possible, With 
out otherWise risking failure of the system. Second, the design 
should minimiZe the residual volume of ?uid Within the 
chamber, after the elastic strain energy is expended. The 
residual volume of ?uid is the amount of ?uid that remains in 
the ?uid chamber, adjacent the corrugated portion, When the 
differential betWeen the inside of the chamber and the outside 
of the chamber approaches Zero. 

[0081] FIG. 8 is a cross-sectional vieW of an example 
embodiment of a sleeve 500 that includes radialy elastic 
members 502 for maintaining ?uid pressure (or minimiZing 
?uid pressure loss) that Would otherWise occur in response to 
a decrease in ?uid volume. Thus, the radialy elastic members 
accomplish the same functionality as described above With 
regard to the corrugated portions of the sleeve. Radialy elastic 
members 502 may be used as an alternative to or in addition 
to the corrugations described above. Radialy elastic members 
502 may include tubing “springs” inserted betWeen the sleeve 
and the portion of the tubing string encased by the sleeve. Any 
members that store elastic strain energy that is biased outWard 
When the member is compressed, may be used Within the 
teachings of the present invention. In the illustrated embodi 
ment, tubular, cylindrical members are illustrated. HoWever, 
various other con?gurations are available, including 
C-shaped members, and elastic solid members or almost any 
cross-section. Each such section could be used to store elastic 
energy in a radial direction. 

[0082] Radialy elastic members 502 may be open ended 
and rely upon mechanical strength to cause de?ection of the 
sleeve to a non-circular shape. Alternatively, radialy elastic 
members 502 may be sealed to contain a high pressure gas 
that may be increased or decreased to alter the amount of 
de?ection exhibited by the outer sleeve. 

[0083] When radialy elastic members are ?rst deployed, 
their con?guration is cylindrical. After expansion of the 
expandable tubing, the radialy elastic members are com 
pressed, and the sleeve 500 is deformed, as shoWn in FIG. 8. 
In this con?guration, elastic strain energy is stored Within 
radialy elastic members 502 that urges the sleeve to deform, 
in order to compensate for the loss of ?uid volume betWeen 
the tubing and the sleeve. Thus, Where temperature ?uctua 
tions cause the pressure to decrease, sleeve 500 may be biased 
to return to substantially its original shape. 

[0084] As described throughout this speci?cation, the 
teachings of the present invention provide a method to com 
pensate for thermal changes that occur at or near an annular 
isolator Within a borehole. More speci?cally, the systems and 
methods described herein provide a mechanism for maintain 
ing pressure, or minimiZes pressure loss Within the ?uid 
chamber, that Would otherWise result due to a drop in tem 
perature at or near the annular isolator. Several embodiments 
are provided, and others are available, Within the teachings of 
the present invention. 

[0085] In accordance With particular embodiments of the 
present invention, the compensation for temperature change 
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is accomplished by storing elastic strain energy that is biased 
to sustain pressure (or at least minimiZe loss of pressure) 
Within the ?uid chamber, in response to a change in ?uid 
volume. The corrugated portions and the radialy elastic mem 
bers accomplish this, by storing elastic strain energy that is 
biased toWard the inside of the ?uid chamber. 

[0086] Thus, the sleeve 205 of the present invention is 
con?gured to store elastic strain energy. In one embodiment, 
this is accomplished by corrugated portions of the sleeve. In 
another embodiment, this is accomplished by including 
radialy elastic members Within the sleeve. It should be rec 
ogniZed that other methods of storing such elastic energy are 
available Within the teachings of the present invention. For 
example, a sleeve including a thin-Walled portion Would be 
suf?cient to store enough elastic strain energy, if the thin 
Walled portion Were long enough. In this embodiment, the 
thin-Walled portion Would “stretch” (e.g., elastically deform) 
When the interior tubing Was expanded and/ or the ?uid in the 
?uid chamber Was otherWise pressuriZed. In some embodi 
ments, the elastic deformation Would also be accompanied by 
some degree of plastic deformation (e.g., permanent defor 
mation). The elastic deformation Would tend to store elastic 
strain energy that Would be biased toWard the interior of the 
?uid chamber. 

[0087] Although the present invention has been described 
in several embodiments, a myriad of changes, variations, 
alterations, transformations, and modi?cations may be sug 
gested to one skilled in the art, and it is intended that the 
present invention encompass such changes, variations, alter 
ations, transformations, and modi?cations as falling Within 
the spirit and scope of the appended claims. For example, 
many of the above-described embodiments include the use of 
an expansion cone type of device for expansion of the tubing. 
HoWever, one of skill in the art Will recogniZe that many of the 
same advantages may be gained by using other types of 
expansion tools such as ?uid poWered expandable bladders or 
packers. It may also be desirable to use an expandable bladder 
in addition to a cone type expansion tool. For example, if a 
good annular isolator is not achieved after expansion With a 
cone type tool, an expandable bladder may be used to further 
expand the isolator to achieve sealing contact With a borehole 
Wall. An expandable bladder may also be used for pressure or 
leak testing an installed tubing string. For example, an 
expandable bladder may be expanded inside the tubing at the 
location Where an annular isolator has been installed accord 
ing to one of the embodiments disclosed herein. The tubing 
may be pressured up to block ?oW in the tubing itself to alloW 
detection of annular ?oW past the installed isolator. If exces 
sive leakage is detected, the bladder pressure may be 
increased to further expand the isolator to better seal against 
the borehole Wall. 

[0088] As another example, in many of the above described 
embodiments, the system is illustrated using an expansion 
tool Which travels doWn hole as it expands expandable tubing 
and deploys an annular isolator. Each of these systems may 
operate equally Well With an expansion tool Which travels up 
hole during the tubing expansion process. In some embodi 
ments, the locations of various corrugated portions, Weak 
ened portions, ports and relief valves may be changed if the 
direction of travel of the expansion tool is changed. For hori 
Zontal boreholes, the term up hole means in the direction of 
the surface location of a Well. 






