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(57) ABSTRACT 

A method having the following steps: running a circulation 
valve comprising a reactive material into the well bore on the 
casing: reverse-circulating an activator material in the well 
bore until the activator material contacts the reactive material 
of the circulation valve; reconfiguring the circulation valve by 
contact of the activator material with the reactive material; 
and reverse-circulating a cement composition in the well bore 
until the reconfigured circulation valve decreases flow of the 
cement composition. A circulation valve for cementing cas 
ing in a well bore, the valve having: a valve housing con 
nected to the casing and comprising a reactive material; a 
plurality of holes in the housing, wherein the plurality of 
holes allow fluid communication between an inner diameter 
of the housing and an exterior of the housing, wherein the 
reactive material is expandable to close the plurality of holes. 
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FIGURE 3B 
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CASING SHOES AND METHODS OF 
REVERSE-CIRCULATION CEMENTING OF 

CASING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional patent application of 
commonly-owned U.S. patent application Ser. No. 10/929, 
163, filed Aug. 30, 2004, entitled “Casing Shoes and Methods 
of Reverse-Circulation Cementing of Casing.” by Badala 
menti et al., which is incorporated by reference herein for all 
purposes. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to cementing casing in sub 
terranean formations. In particular, this invention relates to 
methods for cementing a casing annulus by reverse-circulat 
ing the cement composition into the annulus without exces 
sive cement composition entering the casing inner diameter. 
0003. It is common in the oil and gas industry to cement 
casing in well bores. Generally, a well bore is drilled and a 
casing string is inserted into the well bore. Drilling mud 
and/or a circulation fluid is circulated through the well bore 
by casing annulus and the casing inner diameter to flush 
excess debris from the well. As used herein, the term “circu 
lation fluid includes all well bore fluids typically found in a 
well bore prior to cementing a casing in the wellbore. Cement 
composition is then pumped into the annulus between the 
casing and the well bore. 
0004 Two pumping methods have been used to place the 
cement composition in the annulus. In the first method, the 
cement composition slurry is pumped down the casing inner 
diameter, out through a casing shoe and/or circulation valveat 
the bottom of the casing and up through to annulus to its 
desired location. This is called a conventional-circulation 
direction. In the second method, the cement composition 
slurry is pumped directly down the annulus so as to displace 
well fluids present in the annulus by pushing them through the 
casing shoe and up into the casing inner diameter. This is 
called a reverse-circulation direction. 
0005. In reverse-circulation direction applications, it is 
Sometimes not desirable for the cement composition to enter 
the inner diameter of the casing from the annulus through the 
casing shoe and/or circulation valve. This may be because, if 
an undesirable amount of a cement composition enters the 
inner diameter of the casing, once set it typically has to be 
drilled out before further operations are conducted in the well 
bore. Therefore, the drill out procedure may be avoided by 
preventing the cement composition from entering the inner 
diameter of the casing through the casing shoe and/or circu 
lation valve. 

SUMMARY OF THE INVENTION 

0006. This invention relates to cementing casing in sub 
terranean formations. In particular, this invention relates to 
methods for cementing a casing annulus by reverse-circulat 
ing the cement composition into the annulus without unde 
sirable amount of a cement composition entering the casing 
inner diameter. 
0007. The invention provides a method of cementing cas 
ing in a well bore, the method having the following steps: 
running a circulation valve comprising a reactive material 
into the well bore on the casing; reverse-circulating an acti 
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vator material in the well bore until the activator material 
contacts the reactive material of the circulation valve; recon 
figuring the circulation valve by contact of the activator mate 
rial with the reactive material; and reverse-circulating a 
cement composition in the well bore until the reconfigured 
circulation valve decreases flow of the cement composition. 
0008 According to an aspect of the invention, there is 
provided a method of cementing casing in a well bore, 
wherein the method has steps as follows: running an annulus 
packer comprising a reactive material into the wellbore on the 
casing: reverse-circulating an activator material in the well 
bore until the activator material contacts the reactive material 
of the packer, reconfiguring the packer by contact of the 
activator material with the reactive material; and reverse 
circulating a cement composition in the well bore until the 
reconfigured packer decreases flow of the cement composi 
tion. 
0009. Another aspect of the invention provides a method 
of cementing casing in a well bore, the method having: run 
ning a circulation valve comprising a reactive material and a 
protective material into the well bore on the casing: reverse 
circulating an activator material in the well bore until the 
activator material contacts the protective material of the cir 
culation valve, wherein the activator material erodes the pro 
tective material to expose the reactive material; reconfiguring 
the circulation valve by exposing the reactive material to a 
well bore fluid; and reverse-circulating a cement composition 
in the well bore until the reconfigured circulation valve 
decreases flow of the cement composition. 
0010. According to still another aspect of the invention, 
there is provided a method of cementing casing in a wellbore, 
the method having the following steps: running an annulus 
packer comprising a reactive material and a protective mate 
rial into the well bore on the casing; reverse-circulating an 
activator material in the well bore until the activator material 
contacts the protective material of the packer, wherein the 
activator material erodes the protective material to expose the 
reactive material; reconfiguring the packer by contact of the 
reactive material with a well bore fluid; and reverse-circulat 
ing a cement composition in the well bore until the reconfig 
ured packer decreases flow of the cement composition. 
0011 Still another aspect of the invention provides a cir 
culation valve for cementing casing in a well bore, the valve 
having: a valve housing connected to the casing and compris 
ing a reactive material; a plurality of holes in the housing, 
wherein the plurality of holes allow fluid communication 
between an inner diameter of the housing and an exterior of 
the housing, wherein the reactive material is expandable to 
close the plurality of holes. 
0012. According to a still further aspect of the invention, 
there is provided a circulation valve forcementing casing in a 
well bore, the valve having: a valve housing connected to the 
casing; at least one hole in the valve housing, wherein the at 
least one hole allows fluid communication between an inner 
diameter of the valve housing and an exterior of the valve 
housing; a plug positioned within the valve housing, wherein 
the plug is expandable to decrease fluid flow through the inner 
diameter of the valve housing. 
0013. A further aspect of the invention provides a circula 
tion valve for cementing casing in a well bore, the valve 
having: a valve housing connected to the casing; at least one 
hole in the valve housing, wherein the at least one hole allows 
fluid communication between an inner diameter of the valve 
housing and an exterior of the valve housing; a flapper posi 
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tioned within the valve housing, wherein the flapper is biased 
to a closed position on a ring seat within the valve housing: 
and a lock that locks the flapper in an open configuration 
allowing fluid to pass through the ring seat, wherein the lock 
comprises a reactive material. 
0014) Another aspect of the invention provides a circula 
tion valve for cementing casing in a well bore, the valve 
having: a valve housing connected to the casing; at least one 
hole in the valve housing, wherein the at least one hole allows 
fluid communication between an inner diameter of the valve 
housing and an exterior of the valve housing; a sliding sleeve 
positioned within the valve housing, wherein the sliding 
sleeve is slideable to a closed position over the at least one 
hole in the valve housing; and a lock that locks the sliding 
sleeve in an open configuration allowing fluid to pass through 
the at least one hole in the valve housing, wherein the lock 
comprises a reactive material. 
0015. According to still another aspect of the invention, 
there is provided a circulation valve forcementing casing in a 
well bore, the valve having: a valve housing connected to the 
casing; at least one hole in the valve housing, wherein the at 
least one hole allows fluid communication between an inner 
diameter of the valve housing and an exterior of the valve 
housing; a float plug positioned within the valve housing, 
wherein the float plug is moveable to a closed position on a 
ring seat within the valve housing; and a lock that locks the 
float plug in an open configuration allowing fluid to pass 
through the ring seat in the valve housing, wherein the lock 
comprises a reactive material. 
0016. Another aspect of the invention provides a packer 
for cementing casing in a well bore wherein an annulus is 
defined between the casing and the well bore, the system 
having the following parts: a packer element connected to the 
casing, wherein the packer element allows fluid to pass 
through the a well boreannulus past the packer element when 
it is in a non-expanded configuration, and wherein the packer 
element restricts fluid passage in the annulus past the packer 
element when the packer element is expanded; an expansion 
device in communication with the packer element; and a lock 
that prevents the expansion device from expanding the packer 
element, wherein the lock comprises a reactive material. 
0017. According to another aspect of the invention, there 

is provided a method of cementing casing in a well bore, the 
method comprising: running a circulation Valve into the well 
bore on the casing; reverse-circulating a particulate material 
in the well bore until the particulate material contacts the 
circulation valve; accumulating the particulate material 
around the circulation valve, whereby the particulate material 
forms a cake that restricts fluid flow; and reverse-circulating 
a cement composition in the well bore until the accumulated 
particulate material decreases flow of the cement composi 
tion. 
0018. The objects, features, and advantages of the present 
invention will be readily apparent to those skilled in the art 
upon a reading of the description of the preferred embodi 
ments which follows. 

BRIEF DESCRIPTION OF THE FIGURES 

0019. The present invention may be better understood by 
reading the following description of non-limitative embodi 
ments with reference to the attached drawings wherein like 
parts of each of the several figures are identified by the same 
referenced characters, and which are briefly described as 
follows. 
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0020 FIG. 1 is a cross-sectional side view of a well bore 
with casing having a casing shoe and a circulation valve 
wherein the casing is Suspended from a wellhead Supported 
on Surface casing. 
0021 FIG. 2 is a side view of a circulation valve con 
structed of a cylindrical section with holes, wherein the cylin 
drical section is coated with or contains an expandable mate 
rial. 
0022 FIG. 3A is a side view of a circulation valve having 
an expandable material plug in the inner diameter of the 
circulation valve. 
0023 FIG. 3B is a top view of the plug comprising an 
expandable material located within the circulation valve of 
FIG 3A 
0024 FIG. 4 is a side view of a circulation valve con 
structed of a cylindrical section having a basket with holes, 
wherein the basket contains expandable material. 
0025 FIG. 5A is a side view of a circulation valve having 
a basket of expandable material in the inner diameter of the 
circulation valve. 
0026 FIG. 5B is a top view of the basket comprising an 
expandable material located within the circulation valve of 
FIG.S.A. 
0027 FIG. 6 is a cross-sectional, side view of a well bore 
having a circulation valve attached to casing Suspended in the 
well bore, wherein an activator material and cement compo 
sition is injected into the annulus at the wellhead. 
0028 FIG. 7 is a cross-sectional, side view of the well bore 
shown in FIG. 6, wherein the activator material and cement 
composition has flowed in the annulus downto the circulation 
valve. In FIGS. 6 and 7, the circulation valve remains open. 
0029 FIG. 8 is a cross-sectional, side view of the well bore 
shown in FIGS. 6 and 7, wherein the circulation valve is 
closed and the cement composition is retained in the annulus 
by the circulation valve. 
0030 FIG. 9A is a cross-sectional, side view of an isola 
tion sleeve for closing the circulation valve, wherein the iso 
lation sleeve is open. 
0031 FIG.9B is a cross-sectional, side view of the isola 
tion sleeve shown in FIG.9A, wherein the isolation sleeve is 
closed. 
0032 FIG. 10A is a cross-sectional, side view of an alter 
native isolation sleeve for closing the circulation valve, 
wherein the isolation sleeve is open. 
0033 FIG. 10B is a cross-sectional, side view of the iso 
lation sleeve illustrated in FIG. 10A, wherein the isolation 
sleeve is closed. 
0034 FIG. 11A is a cross-sectional, side view of a circu 
lation valve, having a flapper and a locking mechanism. 
0035 FIG. 11B is an end view of the flapper shown in FIG. 
11A. 

0036 FIG. 12 is a cross-sectional, side view of an embodi 
ment of the locking mechanism identified in FIG. 11A, 
wherein the locking mechanism comprises dissolvable mate 
rial. 
0037 FIG. 13 illustrates a cross-sectional, side view of the 
locking mechanism identified in FIG. 11A, wherein the lock 
ing mechanism comprises expandable material. 
0038 FIG. 14A illustrates a cross-sectional, side view of a 
sliding sleeve embodiment of a circulation valve having a 
restrictor plate. 
0039 FIG. 14B illustrates a top view of a restrictor plate 
identified in FIG. 14A, wherein the restrictor plate has 
expandable material for closing the circulation valve. 
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0040 FIG. 15 is a cross-sectional, side view of an alterna 
tive sliding sleeve circulation valve wherein the locking 
mechanism comprises dissolvable or shrinkable material. 
0041 FIG.16 is a cross-sectional, side view of an alterna 
tive sliding sleeve circulation valve wherein the locking 
mechanism comprises expandable material. 
0.042 FIG. 17 illustrates a cross-sectional, side view of a 
circulation valve having a float plug and valve lock. 
0.043 FIG. 18 is a cross-sectional, side view of the valve 
lock identified in FIG. 17, wherein the valve lock comprises 
dissolvable material. 
0044 FIG. 19 is a cross-sectional, side view of the valve 
lock identified in FIG. 17, wherein the valve lock comprises a 
shrinkable material. 
004.5 FIG.20 illustrates a cross-sectional, side view of the 
valve lock identified in FIG. 17, wherein the valve lock com 
prises expandable material. 
0046 FIG. 21 illustrates a cross-sectional, side view of a 
well bore having casing Suspended from a wellhead, and a 
packer attached to the casing immediately above holes in the 
casing, wherein a reactive material and a cement composition 
are shown being pumped into the annulus at the wellhead. 
0047 FIG. 22 is a cross-sectional, side view of the well 
bore illustrated in FIG. 21, wherein the activator material has 
activated the packer to expand in the annulus, whereby the 
packer retains the cement composition in the annulus. 
0.048 FIG. 23A is a cross-sectional, side view of the 
packer identified in FIGS. 21 and 22, wherein the packer is 
shown in a pre-expanded configuration. 
0049 FIG. 23B is a cross-sectional, side view of the 
packer identified in FIGS. 21 and 22, wherein the packer is 
shown in an expanded configuration. 
0050 FIG. 24 is a side view of a circulation valve having 
holes in the side walls. 
0051 FIG. 25 is a side view of a circulation valve having 
a wire-wrap screen. 
0.052 FIG. 26A is a cross-sectional side view of a well 
bore with casing having a casing shoe and a circulation valve 
wherein the casing is Suspended from a wellhead Supported 
on Surface casing, and wherein a particulate material Sus 
pended in a slurry is pumped down the annulus ahead of the 
leading edge of a cement composition. 
0053 FIG. 26B is a cross-sectional side view of the well 
bore shown in FIG. 26A, wherein the particulate material is 
accumulated around the circulation valve in the annulus. 
0054. It is to be noted, however, that the appended draw 
ings illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of its scope, as the 
invention may admit to other equally effective embodiments. 

DETAILED DESCRIPTION OF THE INVENTION 

0055 Referring to FIG. 1, a cross-sectional side view of a 
well bore is illustrated. In particular, Surface casing 2 is 
installed in the well bore 1. A well head 3 is attached to the top 
of the Surface casing 2 and casing 4 is Suspended from the well 
head 2 and the well bore 1. An annulus 5 is defined between 
the well bore 1 and the casing 4. A casing shoe 10 is attached 
to the bottom most portion of the casing 4. A feed line 6 is 
connected to the Surface casing 2 to fluidly communicate with 
the annulus 5. The feed line 6 has a feed valve 7 and a feed 
pump 8. The feed line 6 may be connected to a cement pump 
truck 13. The feed line 6 may also be connected to vacuum 
truck, a stand alone pump or any other pumping mechanism 
known to persons of skill. A return line 11 is connected to the 
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well head 3 so as to fluidly communicate with the inner 
diameter of the casing 4. The return line has a return valve 12. 
The casing 4 also comprises a circulation valve 20 near the 
casing shoe 10. When the circulation valve 20 is open, circu 
lation fluid may flow between the annulus 5 and the inner 
diameter of the casing 4 through the valve. 
0056 Referring to FIG. 2, a side view of a circulation 
valve 20 of the present invention is illustrated. In this particu 
lar embodiment, the circulation valve 20 is a length of pipe 
having a plurality of holes 21 formed in the walls of the pipe. 
A casing shoe 10 is attached to the bottom of the pipe to close 
the lower end of the pipe. The size and number of the holes 21 
are such that they allow a sufficient amount of fluid to pass 
between the annulus 5 and the inside diameter of the casing 4 
through the holes 21. In one embodiment, the cumulative 
cross-sectional area of the holes 21 is greater than the cross 
sectional area of the inside diameter of the casing 4. In this 
embodiment, the pipe material of the circulation valve 20 is 
an expandable material. In alternative embodiments, the cir 
culation valve is made of a base material. Such as a steel pipe, 
and a cladding or coating of expandable material. When the 
expandable material comes into contact with a certain activa 
tor material, the expandable material expands to reduce the 
size of the holes 21. This process is explained more fully 
below. 

0057. In the embodiment illustrated in FIG. 2, circulation 
valve 20 is a cylindrical pipe section. However, the circulation 
valve 20 may take any form or configuration that allows the 
closure of the holes 21 upon expansion of the expandable 
material. HYDROPLUG, CATGEL, DIAMONDSEAL and 
the like may be used as the expandable material. These reac 
tive materials may be coated, cladded, painted, glued or oth 
erwise adhered to the base material of the circulation valve 
20. Where DIAMONDSEAL, HYDROPLUG, and CATGEL 
are used as the reactive material for the circulation valve 20, 
the circulation valve 20 should be maintained in a salt solu 
tion prior to activation. An activator material for DIAMOND 
SEAL, HYDROPLUG, and CATGEL is fresh water, which 
causes these reactive materials to expand upon contact with 
the fresh water activator material. Therefore, a salt solution 
circulation fluid is circulated into the well bore before the 
circulation valve and casing are run into the well bore. A 
buffer of the freshwateractivator material is then pumped into 
the annulus at the leading edge of the cement composition in 
a reverse-circulation direction so that the reactive material 
(DIAMONDSEAL, HYDROPLUG, or CATGEL) of the cir 
culation valve 20 will be contacted and closed by the fresh 
water activator material before the cement composition 
passes through the circulation valve 20. In alternative 
embodiments, the expandable material may be any expand 
able material known to persons of skill in the art. 
0.058 FIG. 3A is a side view of an alternative circulation 
valve 20. The circulation valve 20 has an expandable plug 19. 
FIG. 3B illustrates a top view of the expandable plug 19 
identified in FIG. 3A. The circulation valve 20 has a cylindri 
cal housing made of a pipe section with holes 21. Fluid passes 
between an annulus 5 on the outside of the circulation valve 
20 and the inner diameter of the valve through the holes 21. A 
casing shoe 10 is attached to the bottom of the circulation 
valve 20. An expandable plug 19 is positioned within the 
inner diameter of the circulation valve 20. A plurality of 
conduits 18 extend through the plug 19 to allow circulation 
fluid to flow through the plug 19 when the conduits 18 are 
open. Also, the outside diameter of the expandable plug 19 
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may be smaller than the inner diameter of the circulation 
valve 20 so that a gap 36 is defined between. The expandable 
plug 19 may be suspended in the circulation valve 20 by 
supports 17 (see FIG. 3B). The expandable plug 19 may be 
constructed of a structurally rigid base material, like steel, 
which has an expandable material coated, cladded, painted, 
glued or otherwise adhered to the exterior surfaces of the plug 
19 and the interior surfaces of the conduits 18 in the plug 19. 
HYDROPLUG, CATGEL, DIAMONDSEAL and the like 
may be used for the expandable material of the plug 19. The 
plug may be constructed of a porous base material that is 
coated, cladded, and/or saturated with one above noted reac 
tive materials, which provides irregular conduits through the 
open cell structure of the porous base material. The base 
material may be a polymer mesh or open cell foam or any 
other open cell structure known to persons of skill. In alter 
native embodiments, any expandable material known to per 
Sons of skill in the art may be used in the expandable plug. 
0059. When the expandable plug 19 is not expanded, as 
illustrated, fluid may also flow through the gap 36 (see FIGS. 
3A and 3B). The circulation valve 20 becomes closed when 
an activator material contacts the expandable plug 19. The 
expandable plug 19 then expands to constrict the conduits 18 
and also to narrow the gap 36. When the expandable plug 19 
is fully expanded, the conduits 18 and gap 36 are completely 
closed to prevent fluid from flowing through the inner diam 
eter of the circulation valve 20. 

0060 Referring to FIG. 4, an alternative circulation valve 
20 of the invention is illustrated, wherein the left side of the 
figure shows an exterior side view and the right side shows a 
cross-sectional side view. The circulation valve 20 has a bas 
ket 70 that contains a reactive material 28 that is an expand 
able material. The basket 70 is positioned to replace a portion 
of the side wall of the casing 4. The basket 70 has holes 21 in 
both its outer cylindrical wall and its inner cylindrical wall. 
The reactive material 28 is a granular or particulate material 
that allows fluid to circulate around and between the particles 
prior to activation. After the particles are activated, they 
expand to more fully engage each other and fill the spaces 
between the particles. Any expandable material described 
herein or known to persons of skill in the art may be used. 
0061 FIG. 5A shows a side view of an alternative circu 
lation valve, wherein the left side of the figure shows an 
exterior side view and the right side shows a cross-sectional 
side view. FIG. 5B illustrates a cross-section, top view of the 
circulation valve of FIG. 5A. This circulation valve 20 also 
comprises a basket 70, but this basket 70 is positioned in the 
inner diameter of the casing 4. Holes 21 in the casing are 
positioned below the basket 70 to allow fluid to pass between 
the inner diameter of the casing 4 and the annulus 5. The 
basket 70 has a permeable or porous upper and lower surface 
to allow fluid to pass through the basket 70. The reactive 
material 28 is contained within the basket 70 and is a granular 
or particulate material that allows fluid to circulate around 
and between the particles prior to activation. After the par 
ticles are activated, they expand to more fully engage each 
other and fill the spaces between the particles. Any expand 
able material described herein or known to persons of skill in 
the art may be used. 
0062 Referring to FIG. 6, a cross-sectional side view of a 
well bore 1 is illustrated. This well bore configuration is 
similar to that described relative to FIG.1. An activator mate 
rial 14 is injected into the annulus 5 as the fluid in the well 
bore 1 is reverse-circulated from the annulus 5 through the 
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circulation valve 20 and up through the inside diameter of the 
casing 4. Cement composition 15 is injected into the annulus 
5 behind the activator material 14. The activator material 14 
and cement composition 15 descend in the annulus 5 as the 
various fluids reverse-circulate through the well bore 1. 
0063 FIG. 7 is a cross-sectional side view of the well bore 
shown in FIG. 6. In this illustration, the activator material 14 
and cement composition 15 have descended in the annulus to 
the point where the activator material 14 first comes into 
contact with the circulation valve 20. As the activator material 
14 contacts the circulation valve 20, the expandable material 
of the valve expands and the holes 21 of the circulation valve 
20 restrict. Because the activator material 14 is ahead of the 
leading edge of the cement composition 15, the holes 21 of 
the circulation valve 20 are closed before the leading edge of 
the cement composition 15 comes into contact with the cir 
culation valve 20. Thus, reverse circulation flow through the 
well bore ceases before little, if any, of the cement composi 
tion 15 enters the inside diameter of the casing 4. 
0064. In some embodiments of the invention, a certain 
amount of circulation fluid is injected into the annulus 
between the activator material 14 and the cement composition 
15. Where the expandable material of the circulation valve 20 
has a delayed or slow reaction time, the circulation fluid 
buffer allows the circulation valve enough time to close in 
advance of the arrival of the leading edge of the cement 
composition 15 at the valve. 
0065 FIG. 8 is a cross-sectional side view of the well bore 
shown in FIGS. 6 and 7. In this illustration, the holes 21 of the 
circulation valve 20 are closed. The cement composition 15 
completely fills the annulus 5, but does not fill the inside 
diameter of the casing 4. As the expandable material of the 
circulation valve 20 expands to constrict the holes 21, fluid 
flow through the circulation valve is impeded. In some 
embodiments of the invention, the circulation valve 20 does 
not completely cut off circulation, but merely restricts the 
flow. The operator at the surface will immediately observe an 
increase in annular fluid pressure and reduced fluid flow as the 
circulation valve 20 restricts the flow. The operator may use 
the increased annulus pressure and reduced fluid flow as an 
indicator to cease pumping cement composition into the 
annulus. 

0066. In some embodiments of the invention, a portion of 
the circulation valve is coated with a protective coating that is 
dissolved by the activator material to expose the portion of the 
circulation valve to the circulation fluid and/or cement com 
position. In particular, the circulation valve may be a pipe 
with holes as illustrated in FIG.2 or a pipe with an expandable 
plug as illustrated in FIGS. 3A and 3B. Further, the pipe or 
plug may comprise a material that expands upon contact with 
water. The pipe or plug may be coated with a water-imper 
meable material that forms a barrier to insulate and protect the 
pipe or plug from the circulation fluid in the well bore. The 
activator material is capable of dissolving or eroding the 
water-impermeable material from the pipe or plug. Thus, 
these circulation valves are operated by injecting an activator 
material into the circulation fluid ahead of the cement com 
position, so that when the activator material and cement com 
position are reverse-circulated to the circulation valve, the 
activator material erodes the protective material to expose the 
expandable material of the circulation valve to circulation 
fluid and/or cement composition. This exposure causes the 
expandable material of the circulation valve to expand, 
thereby closing the holes of the circulation valve. 
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0067 For example, the expandable material may be 
encapsulated in a coating that is dissolvable or degradable in 
the cement slurry either due to the high pH of the cement 
slurry or due to the presence of a chemical that is deliberately 
added to the slurry to release the expandable material from the 
encapsulated State. Examples of encapsulating materials 
which breakdown and degrade in the high pH cement slurry 
include thermoplastic materials containing base-hydrolys 
able functional groups, for example ester, amides, and anhy 
dride groups. Examples of polymers with Such functional 
groups include polyesters such as polyethylene terephalate 
(PETE),3-hydroxybutyrate/3-hydroxyvalerate polymer, lac 
tic acid containing polymer, glycolic acid containing poly 
mers, polycaprolactone, polyethylene Succinate, polybuty 
lene Succinate, poly(ethylenevinylacetate), poly 
(vinylacetate), dioxanone containing polymers, cellulose 
esters, oxidized ethylene carbonmonoxide polymers and the 
like. Polyesters and polycaprolactone polymers are commer 
cially available under the trade name TONE from Union 
Carbide Corporation. Suitable polymers containing a carbon 
ate group include polymers comprising bisphenol-A and 
dicarboxylic acids. Amide containing polymers Suitable 
according to the present invention include polyaminoacids, 
Such as 6/6 Nylon, polyglycine, polycaprolactam, poly 
(gamma-glutamic acid) and polyurethanes in general. Encap 
Sulating materials which Swell upon exposure to high pH 
fluids include alkali swellable latexes which can be spray 
dried on to the expandable material in the unswollen acid 
form. An example of an encapsulating material which require 
the presence of a special chemical, for example a Surfactant, 
in the cement slurry to expose the encapsulated expandable 
material to the cement slurry includes polymers containing 
oxidizable monomers such as butadiene, for example styrene 
butadiene copolymers, butadiene acrylonitrile copolymers 
and the like. In alternative embodiments, any encapsulating 
or coating material known to persons of skill in the art may be 
used. 

0068 Isolation valves may also be used as part of the 
invention to ensure that the cement composition is retained in 
the annulus while the cement composition solidifies. FIGS. 
9A and 9B illustrate cross-sectional side views of an isolation 
sleeve and valve for completely closing the circulation valve 
20. In FIG.9A, the isolation valve 40 is open while in FIG. 
9B, the isolation valve 40 is closed. The isolation valve 40 has 
an isolation sleeve 41 and a sliding sleeve 43. A port 42 allows 
fluid to pass through the isolation sleeve 41 when the isolation 
valve 40 is in an open configuration. Seals 44 are positioned 
between the isolation sleeve 41 and the sliding sleeve 43. 
0069 FIGS. 10A and 10B illustrate cross-sectional side 
views of an alternative isolation valve 40. This isolation valve 
simply comprises a siding sleeve 43, which slides within the 
inside diameter of the circulation valve 20. In FIG. 10A, the 
isolation valve 40 is open to allow fluid to flow through the 
holes 21. In FIG.10B, the sliding sleeve 43 is positioned over 
the holes 21 to close the isolation valve 40. Seals 44 are 
positioned between the sliding sleeve 43 and the circulation 
valve 20. 

0070 Referring to FIG. 11A, a cross-sectional, side view 
of a circulation valve 20 of the present invention is illustrated. 
This circulation valve 20 has relatively few large diameter 
holes 21 to allow fluid to pass from the annulus into the inside 
diameter of the casing 4. The circulation valve 20 has a flapper 
22 connected at a spring hinge 23 to the inside of the circu 
lation valve side wall. A ring seat 24 is also connected to the 
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inner wall of the circulation valve 20 immediately above the 
spring hinge 23. A valve lock 26 is connected to the inner wall 
of the circulation valve 20 at a position below the flapper 22. 
The flapper 22 is held in the open position by the valve lock 
26. The spring hinge 23 biases the flapper 22 toward a closed 
position where the flapper 22 rests firmly against the bottom 
of the ring seat 24. 
(0071 FIG. 11B illustrates a perspective, end view of the 
flapper 22 shown in FIG. 11A. The flapper 22 is a disc shaped 
plate, warped to conform to one side of the inner circumfer 
ence of the circulation valve 20 when the flapper 22 is in the 
open position. The flapper 22 has a springhinge 23 for mount 
ing to the circulation valve and a spring 25 for biasing the 
flapper 22 into a closed position. As illustrated in FIG. 11A, 
the flapper 22 is held in an open position by the valve lock 26. 
When the valve lock 26 is unlocked to release the flapper 22, 
the flapper 22 rotates counter clockwise about the spring 
hinge 23 until the flapper 22 becomes seated under the ring 
seat 24. When the flapper 22 becomes firmly seated under the 
ring seat 24, the circulation valve 20 is in a closed configu 
ration. Thus, when the flapper 22 is in an open configuration, 
as illustrated, circulation fluid is allowed to flow freely into 
the circulation valve 20 through the holes 21 and up through 
the inside diameter of the circulation valve 20 passed the 
flapper 22. When the flapper 22 rotates to a closed position on 
the ring seat 24, fluid flow up through the interior of the 
circulation valve 20 and into the inner diameter of the casing 
4 is completely stopped. Flapper Valve are commercially 
available and known to persons of skill in the art. These 
flapper valves may be modified to comprise a valve lock as 
described more fully below. 
0072 Referring to FIG. 12, a cross-sectional side view is 
shown of an embodiment of the valve lock 26 illustrated in 
FIG. 11A. The valve lock 26 has a flange 27 extending from 
the side wall of the circulation valve 20. Reactive material 28 
is positioned at the interior, distal end of the flange 27. The 
free end of the flapper 22, in an open configuration, is locked 
between the side wall of the circulation valve 20 and the 
reactive material 28. In this embodiment, the circulation valve 
20 is unlocked by causing an activator material to contact the 
reactive material 28. The activator material causes the reac 
tive material 28 to dissolve or otherwise lose its structural 
integrity until it is no longer able to retain the flapper 22 in the 
open configuration. Examples of reactive material 28 include 
aluminum and magnesium that react with any high pH fluid 
(activator material) to dissolve. In alternative embodiments, 
any reactive material known to persons of skill may be used. 
Because the flapper 22 is spring biased toward the closed 
position, the flapper 22 urges itself against the reactive mate 
rial 28. As the reactive material 28 is weakened by the acti 
vator material, it eventually fails to maintain its structural 
integrity and releases the flapper 22. The flapper 22 then 
rotates to the closed position. 
0073. In an alternative embodiment, the flapper 22 is held 
in the open position by a glue (reactive material) that dis 
Solves upon contact with an activator material. The glue is any 
type of sticky or adhesive material that holds the flapper 22 in 
the open position. Upon contact by the activator material, the 
glue looses its adhesive property and releases the flapper 22. 
Any adhesive known to persons of skill in the art may be used. 
0074. In an alternative embodiment of the valve lock 26, 
illustrated in FIG. 12, the activator material causes the reac 
tive material 28 to shrink or reduce in size so that the flapper 
22 is no longer retained by the reactive material 28. When the 
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reactive material 28 becomes too short or small, the flapper 22 
is freed to move to the closed position. Any shrinkable reac 
tive material known to persons of skill in the art may be used. 
0075 FIG. 13 illustrates a cross-sectional side view of an 
alternative valve lock 26 identified in FIG. 11A. In this 
embodiment of the invention, the valve lock 26 has a flange 27 
extending from the side wall of the circulation valve 20. The 
free end of the flapper 22 is retained in an open configuration 
by a lock pin 29. The lock pin 29 extends through a hole in the 
flange 27. The lock pin 29 also extends through reactive 
material 28 positioned between a head 30 of the lock pin 29 
and the flange 27. In this embodiment, the valve lock 27 
unlocks when an activator material contacts the reactive 
material 28. This reactive material 28 expands between the 
head 30 of the lock pin 29 and the flange 27. Upon expansion 
of the reactive material 28, the lock pin 29 is pulled downward 
through the hole in the flange 27 until it no longer extends 
above the flange 27. Because the flapper 22 is biased to a 
closed position, when the lock pin 29 is pulled downward to 
the point where it clears the free end of the flapper 22, the 
flapper 22 is released to rotate to its closed position. Expand 
able materials previously disclosed may also work in this 
embodiment of the invention. 

0076 Referring to FIG. 14A, a cross-sectional side view is 
illustrated of a sliding sleeve embodiment of the invention. 
This circulation valve 20 has holes 21 through the sidewall of 
the casing 4, which allows fluid to flow between the annulus 
5 and the inner diameter of the casing 4. The bottom of the 
casing 4 is closed by the casing shoe 10. A sliding sleeve31 is 
positioned within the casing 4. A Support frame 32 is config 
ured within the sliding sleeve 31. A support rod 33 extends 
from the support frame 32. A restrictor plate 34 is attached to 
the distal end of the support rod 33. 
0077 FIG. 14B shows a top view of the restrictor plate 34 
of FIG. 14A. The restrictor plate 34 has a plurality of holes 35 
that allow fluid to flow through the restrictor plate 34. The 
restrictor plate 34 is may comprise an expandable material 
that expands upon contact with an activator material. Expand 
able materials previously disclosed may also work in this 
embodiment of the invention. In alternative embodiments the 
restrictor plate 34 may comprise a reactive material that is a 
temperature sensitive material that expands with changes in 
temperature. Exothermic or endothermic chemical reactions 
in the well bore may then be used to activate the temperature 
sensitive reactive material 28 of the restrictor plate. 
0078. The circulation valve 20 of FIG. 14A is run into the 
well bore in an open configuration to allow fluid to freely flow 
between the annulus 5 and the inner diameter of the casing 4. 
In a reverse-circulation direction, the fluid flows from the 
holes 21 up through the inner diameter of the casing 4 through 
and around the restrictor plate 34. The outside diameter of the 
restrictor plate 34 is smaller than the inner diameter of the 
casing 4. In operation, the circulation valve 20 is closed by 
contact with an activator material. While circulation fluid 
flows through the circulation valve 20, the circulation fluid 
flows freely through the holes 35 of the restrictor plate 34 and 
also through an annular gap 36 between the circumference of 
the restrictor plate 34 and the inner diameter of the casing 4. 
When an activator material contacts the restrictor plate 34, the 
material of the restrictor plate 34 expands so that the holes 34 
constrict and the gap 36 narrows. As these flow spaces con 
strict, fluid pressure below the restrictor plate 34 increases 
relative to the fluid pressure above the restrictor plate 34 
(assuming a reverse-circulation fluid flow direction). This 
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pressure differential pushes the restrictor plate 34 in an 
upward direction away from the holes 21. Because the restric 
torplate 34 is connected to the sliding sleeve 31 by the support 
frame 32 and support rod 33, the sliding sleeve 31 is also 
pulled upward. The sliding sleeve 31 continues its upward 
travel until the sliding sleeve 31 covers the holes 21 and 
engages the seals 38 above and below the holes 21. In certain 
embodiments of the invention, the sliding sleeve 31 is 
retained in an open configuration by a shearpin 37. The shear 
pin 37 ensures that a certain pressure differential is required to 
close the circulation valve 20. The circulation valve 20 is 
closed as the restrictor plate 32 pulls the sliding sleeve 31 
across the holes 21. Seals 38 above and below the holes 21 
mate with the sliding sleeve 31 to completely close the circu 
lation valve 20. 

0079. In some embodiments, the sliding sleeve valve also 
has an automatic locking mechanism which locks the sliding 
sleeve in a closed position. In FIG. 14A, the automatic lock 
ing mechanism is a lock ring 57 that is positioned within a 
lock groove 56 in the exterior of the sliding sleeve 31. The 
lock ring 57, in an uncompressed State, is larger in diameter 
than the inner diameter of the casing 4. Thus, when the lock 
ring 57 is positioned within the lock groove 56, the lock ring 
57 urges itself radially outward to press against the inner 
diameter of the casing 4. When the sliding sleeve31 is moved 
to its closed position, the lock ring 57 Snaps in a Snap groove 
58 in the inner diameter of the casing 4. In this position, the 
lock ring 57 engages both the lock groove 56 and the snap 
groove 58 to lock the sliding sleeve 31 in the closed position. 
In alternative embodiments, the automatic locking mecha 
nism is a latch extending from the sliding sleeve, or any other 
locking mechanism known to persons of skill. 
0080. In an alternative embodiment, the restrictor plate 34 
of FIG. 14A is replaced with a basket similar to the baskets 70 
described relative to FIGS. 4, 5A and 5B. This basket has the 
same shape as the restrictor plate 34 and is filed with particu 
late expandable material. When the expandable material in 
the basket is activated, the particles expand to occupy the Void 
spaces between the particles. This expansion restricts fluid 
flow through the basket causing the sliding sleeve 31 (see 
FIG. 14A) to be closed. 
I0081. In a further embodiment, the restrictor plate is rigid 
structure. Rather than expanding the material of the restrictor 
plate, a particulate material is circulated in a slurry down the 
annulus and in through the holes 21. The particulate material 
is collected or accumulated at the underside of the restrictor 
plate so as to form a cake. The cake of particulate material 
restricts fluid flow through and around the restrictor plate so 
that fluid pressure building behind the restrictor plate pushes 
the restrictor plate and sliding sleeve to a closed position. 
I0082 FIG. 15 illustrates an alternative sliding sleeve 
embodiment of the invention having a spring loaded sliding 
sleeve shown in a cross-sectional, side view. The circulation 
valve 20 has holes 21 in the casing side walls to allow fluid to 
communicate between the annulus 5 and the inside diameter 
of the casing 4. A sliding sleeve 31 is positioned within the 
casing 4. Ablock flange 39 extends from the inner diameter of 
the casing 4. A spring 45 is positioned within the casing 4 
between the block flange 39 and the sliding sleeve 31 to bias 
the sliding sleeve 31 to move in a downward direction. When 
the circulation valve 20 is in an open configuration, as illus 
trated, the spring 45 is compressed between the block flange 
39 and the sliding sleeve 31. The sliding sleeve 31 is held in 
the open configuration by a shear pin 37. In this embodiment 
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of the invention, the shear pin 37 may comprise a dissolvable 
material that dissolves upon contact with an activator mate 
rial. As noted above, materials such as aluminum and mag 
nesium dissolve in high pH Solutions and may be used in this 
embodiment of the invention. Further, the shear pin 37 is 
positioned within the circulation valve so as to contact circu 
lation fluid and/or activator material as these fluids flow from 
the annulus 5, through the holes 21 and into the inner diameter 
of the casing 4 (assuming a reverse-circulation fluid flow 
direction). In an alternative embodiment, the shear pin 37 
may comprise a shrinkable material that becomes Small 
enough for the sliding sleeve 31 to slip past. 
0083. The circulation valve 20 of FIG. 15 closes when a 
sufficient amount of activator material has eroded the shear 
pin 37 such that the downward force induced by the spring 45 
overcomes the structural strength of the shear pin 37. Upon 
failure of the shear pin 37, the spring 45 drives the sliding 
sleeve 31 from the open configuration downward to a closed 
configuration wherein the sliding sleeve 31 spans the holes 
21. In the closed configuration, the sliding sleeve 31 engages 
seals 38 above and below the holes 21. This sliding sleeve 
may also have a locking mechanism to lock the sleeve in a 
close position, once the sleeve has moved to that position. 
FIG. 15 illustrates a locking mechanism having a lock finger 
59 that engages with a lock flange 60 when the sliding sleeve 
31 moves to its closed position. Any locking mechanism 
known to persons of skill may be used. 
0084 FIG. 16 illustrates an alternative sliding-sleeve, cir 
culation valve, wherein expandable reactive material is used 
to unlock the lock. In particular, the sliding sleeve31 is biased 
to a closed position by a spring 45 pressing against a block 
flange 41. The sliding sleeve is held in the open position by a 
lock pin 29, wherein the lock pin 29 extends through a side 
wall in the casing 4. A portion of reactive material 28 is 
positioned between the casing 4 and a head 30 of the lock pin 
29. When an activator material contacts the reactive material 
28, it expands to drive the lock pin 29 from contact with the 
sliding sleeve 31 so that the spring 45 is able to drive the 
sliding sleeve 31 to its closed position. Expandable materials 
previously disclosed may also be used with this embodiment 
of the invention. A lock finger 59 then engages with a lock 
flange 60 to retain the sliding sleeve31 in the closed position. 
0085 Alternative sliding sleeve valves may also be used 
with the invention. While the above-illustrated sliding sleeve 
is biased to the closed position by a spring, alternative 
embodiments may bias the sliding sleeve by a pre-charged 
piston, a piston that charges itself by external fluid pressure 
upon being run into the well bore, magnets, or any other 
means known to persons of skill. 
0.086 FIG. 17 illustrates a cross-sectional, side view of an 
embodiment of the invention wherein the circulation valve 
includes a float plug. The circulation valve 20 is made up to or 
otherwise connected to the casing 4 such that holes 21 permit 
fluid to pass between an annulus 5 and the inside diameter of 
the casing 4. The circulation valve 20 also has a ring seat 24 
that protrudes inwardly from the inside walls of the casing 4. 
A float plug 46 is suspended within the circulation valve 20. 
An upper bulbous point 47 is filled with a gas or other low 
density material so that the float plug 46 will float when 
submerged in circulation fluid. A support frame 32 extends 
from the interior side walls of the casing 4. The float plug 46 
is anchored to the support frame 32 by a valve lock 26. 
Because the float plug 46 floats when submerged in circula 
tion fluid, the float plug 46 is pushed upwardly in the circu 
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lation valve 20 by the surrounding fluids. The float plug 46 is 
held in the open position, as illustrated, by the Support frame 
32 and valve lock 26. When the circulation valve 20 is 
unlocked to move to a closed position, the float plug 46 moves 
upward relative to the ring seat 24 so that the bulbous point 47 
passes through the center of the ring seat 24. The float plug 46 
continues its upward travel until a lock shoulder 48 of the float 
plug 46 Snaps through the opening in the ring seat 24 and a 
seal shoulder 49 rests firmly on the bottom side of the ring seat 
24. The lock shoulder 48 is made of a resilient and/or flexible 
material to allow the bulbous point 47 to snap through the ring 
seat 24 and also to retain or lock the float plug 46 in the closed 
position once the valve has closed. The valve is held in an 
open position by the valve lock 26. When the valve lock 26 is 
activated, the float plug 46 is released from the support frame 
32 so as to float upwardly to a closed position. 
I0087. Referring to FIG. 18, an embodiment is illustrated 
of the valve lock 26 of FIG. 17. The valve lock 26 anchors the 
float plug 46 to the support frame 32. In this embodiment, the 
valve lock 26 comprises a dissolvable material that dissolves 
upon contact with an activator material. Aluminum and mag 
nesium, which dissolve in high pH Solutions, may be used 
with this embodiment of the invention. The valve lock 26 has 
aneck51 wherein the diameter and surface area of the neck.51 
is designed to dissolve at a particular rate. Therefore, the 
valve lock 26 may be designed to fail or fracture at the neck.51 
according to a predictable failure schedule upon exposure to 
the activator material. Once the valve lock 26 fractures at the 
neck51, the float plug 46 is freed to float to a closed position. 
I0088 Referring the FIG. 19, a cross-sectional, side view is 
shown of an alternative valve lock 26 identified in FIG. 17. 
The valve lock 26 anchors the float plug 46 to the support 
frame 32. This particular valve lock 26 comprises a long pin 
or rod 52 which extends through a hole in the support frame 
32. Below the support frame 32, the valve lock 26 has a head 
53 that is larger than the hole in the support frame 32. When 
the head 53 of the valve lock 26 is exposed to an activator 
material, the head 53 shrinks or reduces in size. When the 
outside diameter of the head 53 becomes Smaller than the 
inside diameter of the hole through the support frame 32, the 
float plug 46 pulls the valve lock 26 through the hole in the 
support frame 32. Thereby, the float plug 46 becomes 
unlocked from its open position. 
I0089 Referring to FIG. 20, a cross-sectional, side view is 
shown of an alternative valve lock 26 identified in FIG. 17. 
The float plug 46 is anchored to the support frame 32 by the 
valve lock 26. The valve lock 26 has a clevis 54 that extends 
downwardly from the float plug 46, a pair of flanges 55 that 
extend upwardly from the support frame 32, a ring of active 
material 28, and a lock pin 29. The lock pin 29 has a shaft that 
extends through the reactive material 28, the flanges 55 and 
the clevis 54. The clevis 54 is positioned between the pair of 
flanges 55 to ensure that the clevis 54 does not slip off the lock 
pin 29. The lock pin 29 also has a head 30 at one end such that 
the ring of reactive material 28 is sandwiched between the 
head 30 and a flange 55. The valve lock 26 becomes unlocked 
when the reactive material 28 becomes exposed to an activa 
tor material, whereby the reactive material 28 expands. Any 
of the expandable materials disclosed herein may be used 
with this embodiment of the invention. As the reactive mate 
rial 28 expands, the reactive material 28 pushes the head 30 of 
the pin 29 away from the flange 55. The expanding reactive 
material 28 causes the lock pin 29 to withdraw from the clevis 
54 so that the float plug 46 and clevis 54 are released from the 
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flanges 55. Thus, the float plug 46 is unlocked by the valve 
lock 26 from its open position. 
0090 Referring to FIG. 21, a cross-sectional, side view of 
an embodiment of the invention is shown having a packer that 
is activated by an activator material. Well bore 1 is shown in 
cross-section with a Surface casing 2 and attached well head 
3. A casing 4 is suspended from the well head3 and defines an 
annulus 5 between the casing 4 and the well bore 1. At the 
bottom end of the casing 4, a circulation valve 20 allows fluid 
to flow between the annulus 5 and the inside diameter of the 
casing 4. A packer 50 is positioned in the casing 4 immedi 
ately above the circulation valve 20. 
0091. The operation of the packer 50 is illustrated with 
reference to FIGS. 21 and 22, wherein FIG. 22 is a cross 
sectional, side view of the well shown in FIG. 21. In FIG. 21, 
an activator material 14 is pumped into the annulus 5 through 
a feed line 6. Behind the activator material 14, cement com 
position 15 is also pumped through the feed line 6. As shown 
in FIG. 17, the activator material 14 and cement composition 
15 descend in the annulus 5 until the activator material 14 
contacts the packer 50. As the activator material 14 contacts 
the packer 50, the packer 50 expands in the annulus 5 to 
restrict the fluid flow through the annulus 5 (see FIG. 22). 
Much, if not all of the activator material 14 passes by the 
packer 50 as the packer expands. However, by the time the 
cement composition 15 begins to flow pass the packer 50 
through the annulus 5, the packer 50 has expanded suffi 
ciently to significantly restrict or completely block fluid flow 
through the annulus 5. Thus, the packer 50 restricts or pre 
vents the cement composition 15 from entering into the inner 
diameter of the casing 4 through the circulation valve 20 by 
restricting fluid flow through the annulus 5. 
0092 FIG. 23A illustrates a cross-sectional, side view of 
the packer 50, identified in FIGS. 21 and 22. The packer 50 
has a charge chamber 61 and an annular-shaped charge piston 
62. As the packer 50 is run into the well bore 1 on the casing 
4, the increasing ambient fluid pressure drives the charge 
piston 62 into the charge chamber 61. However, the increased 
gas pressure is retained in the charge chamber 61 by a pres 
sure pin 63. The pressure pin 63 has a head 66. A portion of 
reactive material 28 is positioned between the casing 4 and 
the head 66 of the pressure pin 63. Thus, when an activator 
material contacts the reactive material 28, the reactive mate 
rial 28 expands to pull the pressure pin 63 from the charge 
chamber 61. Any of the expandable materials disclosed 
herein may be used with this embodiment of the invention. 
0093. The packer 50 also has a fill chamber 64 and a 
packer element 65 positioned below the charge chamber 61. 
The packer element 65 is an annular-shaped, elastic structure 
that is expandable to have an outside diameter larger than the 
casing 4. When the pressure pin 63 is opened, charged gas 
from the charge chamber 61 is allowed to bleed past the 
pressure pin 63 into the fill chamber 64. The charge gas in the 
fill chamber 64 expands the packer element 65. 
0094 Across-sectional, side view of the packer 50 of FIG. 
23A is illustrated in FIG. 23B, wherein the packer element is 
expanded. The charge piston 62 is pushed almost all the way 
down to the pressure pin 63 by increased well bore hydro 
static pressure. The reactive material 28 is expanded to pull 
the pressure pin 63 from its place between the charge chamber 
61 and the fill chamber 64. The packer element 65 is expanded 
into the annulus 5. In the illustrated configuration, the packer 
element 65 restricts or prevents fluids from flowing up and 
down through the annulus 5. 
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0095. In alternative embodiments, various packer ele 
ments which are known to persons of skill are employed to 
restrict fluid flow through the annulus. These packer ele 
ments, as used in the present invention, have a trigger or 
initiation device that is activated by contact with an activator 
material. Thus, the packer may be a gas-charge, balloon-type 
packer having an activator material activated trigger. Once the 
trigger is activated by contact with an activator material, the 
trigger opens a gas-charged cylinder to inflate the packer. 
Packers and triggers known to persons of skill may be com 
bined to function according to the present invention. For 
example, inflatable or mechanical packers such as external 
cam inflatable packers (ECIP), external sleeve inflatable 
packer collars (ESIPC), and packer collars may be used. 
0096 Various embodiments of the invention use micro 
spheres to deliver the activator material to the circulation 
valve. Microspheres containing an activator material are 
injected into the leading edge of the cement composition 
being pumped down the annulus. The microspheres are 
designed to collapse upon contact with the circulation valve. 
The microspheres may also be designed to collapse upon 
being Subject to a certain hydrostatic pressure induced by the 
fluid column in the annulus. These microspheres, therefore, 
will collapse upon reaching a certain depth in the well bore. 
When the microspheres collapse, the activator material is then 
dispersed in the fluid to close the various circulation valves 
discussed herein. 
0097. In the illustrated well bore configurations, the cir 
culation valve is shown at the bottom of the well bore. How 
ever, the present invention may also be used to cement seg 
ments of casing in the well bore for specific purposes, such as 
Zonal isolation. The present invention may be used to set 
relatively smaller amounts of cement composition in specific 
locations in the annulus between the casing and the well bore. 
0098. Further, the present invention may be used in com 
bination with casing shoes that have a float valve. The float 
valve is closed as the casing is run into the well bore. The 
casing is filled with atmospheric air or a lightweight fluid as it 
is run into the well bore. Because the contents of the casing 
weigh less than the fluid in the well bore, the casing floats in 
the fluid so that the casing weight suspended from the derrick 
is reduced. Any float valve known to persons of skill may be 
used with the present invention, including float valves that 
open upon bottoming out in the rathole. 
0099. The reactive material and the activator material may 
comprise a variety of compounds and material. In some 
embodiments of the invention, Xylene (activator material) 
may be used to activate rubber (reactive material). Radioac 
tive, illuminating, or electrical resistivity activator materials 
may also be used. In some embodiments, dissolving activator 
material, like an acid (such as HCL), may be pumped down 
hole to activate a dissolvable reactive material. Such as cal 
cium carbonate. Nonlimiting examples of degradable or dis 
Solvable materials that may be used in conjunction with 
embodiments of the present invention having a degradable or 
dissolvable valve lock or other closure mechanism include 
but are not limited to degradable polymers, dehydrated salts, 
and/or mixtures of the two. 
0100. The terms “degradation” or “degradable” refer to 
both the two relatively extreme cases of hydrolytic degrada 
tion that the degradable material may undergo, i.e., heteroge 
neous (or bulk erosion) and homogeneous (or Surface ero 
sion), and any stage of degradation in between these two. This 
degradation can be a result of interalia, a chemical orthermal 
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reaction or a reaction induced by radiation. The degradability 
of a polymer depends at least in part on its backbone structure. 
For instance, the presence of hydrolyzable and/or oxidizable 
linkages in the backbone often yields a material that will 
degrade as described herein. The rates at which such poly 
mers degrade are dependent on the type of repetitive unit, 
composition, sequence, length, molecular geometry, molecu 
lar weight, morphology (e.g., crystallinity, size of spherulites, 
and orientation), hydrophilicity, hydrophobicity, Surface 
area, and additives. Also, the environment to which the poly 
mer is subjected may affect how it degrades, e.g., tempera 
ture, presence of moisture, oxygen, microorganisms, 
enzymes, pH, and the like. 
0101 Suitable examples of degradable polymers that may 
be used in accordance with the present invention include but 
are not limited to those described in the publication of 
Advances in Polymer Science, Vol. 157 entitled “Degradable 
Aliphatic Polyesters' edited by A. C. Albertsson. Specific 
examples include homopolymers, random, block, graft, and 
star- and hyper-branched aliphatic polyesters. Polycondensa 
tion reactions, ring-opening polymerizations, free radical 
polymerizations, anionic polymerizations, carbocationic 
polymerizations, coordinative ring-opening polymerization, 
and any other Suitable process may prepare such suitable 
polymers. Specific examples of Suitable polymers include 
polysaccharides such as dextran or cellulose; chitins; chito 
sans; proteins; aliphatic polyesters; poly(lactides); poly(gly 
collides); poly(c-caprolactones); poly(hydroxybutyrates); 
poly(anhydrides); aliphatic polycarbonates; ortho esters, 
poly(orthoesters); poly(amino acids); poly(ethylene oxides); 
and polyphosphaZenes. 
0102 Aliphatic polyesters degrade chemically, interalia, 
by hydrolytic cleavage. Hydrolysis can be catalyzed by either 
acids or bases. Generally, during the hydrolysis, carboxylic 
end groups are formed during chain Scission, and this may 
enhance the rate of further hydrolysis. This mechanism is 
known in the art as “autocatalysis, and is thought to make 
polyester matrices more bulk eroding. Suitable aliphatic 
polyesters have the general formula of repeating units shown 
below: 

R 

O 

O 

where n is an integer between 75 and 10,000 and R is selected 
from the group consisting of hydrogen, alkyl, aryl, alkylaryl, 
acetyl, heteroatoms, and mixtures thereof. Of the suitable 
aliphatic polyesters, poly(lactide) is preferred. Poly(lactide) 
is synthesized either from lactic acid by a condensation reac 
tion or more commonly by ring-opening polymerization of 
cyclic lactide monomer. Since both lactic acid and lactide can 
be the same repeating unit, the general term poly(lactic acid) 
as used herein refers to Formula I without any limitation as to 
how the polymer was made such as from lactides, lactic acid, 
or oligomers, and without reference to the degree of polymer 
ization or level of plasticization. 
0103) The lactide monomer exists generally in three dif 
ferentforms: two stereoisomers L- and D-lactide and racemic 

Formula I 
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D.L-lactide (meso-lactide). The oligomers of lactic acid, and 
oligomers of lactide are defined by the formula: 

HO in H. 

O 

where m is an integer 22sms75. Preferably m is an integer 
and 2sms 10. These limits correspond to number average 
molecular weights below about 5,400 and below about 720, 
respectively. The chirality of the lactide units provides a 
means to adjust, interalia, degradation rates, as well as physi 
cal and mechanical properties. Poly(L-lactide), for instance, 
is a semicrystalline polymer with a relatively slow hydrolysis 
rate. This could be desirable in applications of the present 
invention where a slower degradation of the degradable par 
ticulate is desired. Poly(D.L-lactide) may be a more amor 
phous polymer with a resultant faster hydrolysis rate. This 
may be suitable for other applications where a more rapid 
degradation may be appropriate. The Stereoisomers of lactic 
acid may be used individually or combined to be used in 
accordance with the present invention. Additionally, they 
may be copolymerized with, for example, glycolide or other 
monomers like e-caprolactone, 1,5-dioxepan-2-one, trimeth 
ylene carbonate, or other suitable monomers to obtain poly 
mers with different properties or degradation times. Addition 
ally, the lactic acid stereoisomers can be modified to be used 
in the present invention by, inter alia, blending, copolymer 
izing or otherwise mixing the stereoisomers, blending, copo 
lymerizing or otherwise mixing high and low molecular 
weight polylactides, or by blending, copolymerizing or oth 
erwise mixing a polylactide with another polyester or poly 
esterS. 

0104 Plasticizers may be present in the polymeric degrad 
able materials of the present invention. The plasticizers may 
be present in an amount sufficient to provide the desired 
characteristics, for example, (a) more effective compatibili 
Zation of the melt blend components, (b) improved process 
ing characteristics during the blending and processing steps, 
and (c) control and regulation of the sensitivity and degrada 
tion of the polymer by moisture. Suitable plasticizers include 
but are not limited to derivatives of oligomeric lactic acid, 
selected from the group defined by the formula: 

R O 
O R 

O g 

where R is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroa 
tom, or a mixture thereof and R is saturated, where R is a 
hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a mix 
ture thereof and R is saturated, where RandR' cannot both be 
hydrogen, where q is an integer and 2sqs75; and mixtures 
thereof. Preferably q is an integer and 2sqs 10. As used 
herein the term "derivatives of oligomeric lactic acid 
includes derivatives of oligomeric lactide. In addition to the 

Formula II 

Formula III 
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other qualities above, the plasticizers may enhance the deg 
radation rate of the degradable polymeric materials. The plas 
ticizers, if used, are preferably at least intimately incorpo 
rated within the degradable polymeric materials. 
0105 Aliphatic polyesters useful in the present invention 
may be prepared by Substantially any of the conventionally 
known manufacturing methods such as those described in 
U.S. Pat. Nos. 6,323,307: 5,216,050; 4,387,769; 3,912,692; 
and 2.703,316, the relevant disclosures of which are incorpo 
rated herein by reference. 
0106 Polyanhydrides are another type of particularly suit 
able degradable polymer useful in the present invention. 
Polyanhydride hydrolysis proceeds, inter alia, via free car 
boxylic acid chain-ends to yield carboxylic acids as final 
degradation products. The erosion time can be varied over a 
broad range of changes in the polymer backbone. Examples 
of Suitable polyanhydrides include poly(adipic anhydride), 
poly(Suberic anhydride), poly(sebacic anhydride), and poly 
(dodecanedioic anhydride). Other suitable examples include 
but are not limited to poly(maleic anhydride) and poly(ben 
Zoic anhydride). 
0107 The physical properties of degradable polymers 
depend on several factors such as the composition of the 
repeat units, flexibility of the chain, presence of polar groups, 
molecular mass, degree of branching, crystallinity, orienta 
tion, etc. For example, short chain branches reduce the degree 
of crystallinity of polymers while long chain branches lower 
the melt viscosity and impart, interalia, elongational viscos 
ity with tension-stiffening behavior. The properties of the 
material utilized can be further tailored by blending, and 
copolymerizing it with another polymer, or by a change in the 
macromolecular architecture (e.g., hyper-branched poly 
mers, star-shaped, or dendrimers, etc.). The properties of any 
Such suitable degradable polymers (e.g., hydrophobicity, 
hydrophilicity, rate of degradation, etc.) can be tailored by 
introducing select functional groups along the polymer 
chains. For example, poly(phenylactide) will degrade at 
about/sth of the rate of racemic poly(lactide) at a pH of 7.4 at 
55° C. One of ordinary skill in the art with the benefit of this 
disclosure will be able to determine the appropriate degrad 
able polymer to achieve the desired physical properties of the 
degradable polymers. 
0108 Dehydrated salts may be used in accordance with 
the present invention as a degradable material. A dehydrated 
salt is suitable for use in the present invention if it will degrade 
over time as it hydrates. For example, a particulate Solid 
anhydrous borate material that degrades over time may be 
Suitable. Specific examples of particulate solid anhydrous 
borate materials that may be used include but are not limited 
to anhydrous Sodium tetraborate (also known as anhydrous 
borax), and anhydrous boric acid. These anhydrous borate 
materials are only slightly soluble in water. However, with 
time and heat in a Subterranean environment, the anhydrous 
borate materials react with the Surrounding aqueous fluid and 
are hydrated. The resulting hydrated borate materials are 
highly soluble in water as compared to anhydrous borate 
materials and as a result degrade in the aqueous fluid. In some 
instances, the total time required for the anhydrous borate 
materials to degrade in an aqueous fluid is in the range of from 
about 8 hours to about 72 hours depending upon the tempera 
ture of the subterranean Zone in which they are placed. Other 
examples include organic or inorganic salts like sodium 
acetate trihydrate or anhydrous calcium Sulphate. 
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0109 Blends of certain degradable materials may also be 
suitable. One example of a suitable blend of materials is a 
mixture of poly(lactic acid) and sodium borate where the 
mixing of an acid and base could result in a neutral Solution 
where this is desirable. Another example would include a 
blend of poly(lactic acid) and boric oxide. 
0110. In choosing the appropriate degradable material, 
one should consider the degradation products that will result. 
These degradation products should not adversely affect other 
operations or components. The choice of degradable material 
also can depend, at least in part, on the conditions of the well, 
e.g., well bore temperature. For instance, lactides have been 
found to be suitable for lower temperature wells, including 
those within the range of 60°F. to 150°F., and polylactides 
have been found to be suitable for well bore temperatures 
above this range. Also, poly(lactic acid) may be suitable for 
higher temperature wells. Some stereoisomers of poly(lac 
tide) or mixtures of such stereoisomers may be suitable for 
even higher temperature applications. Dehydrated salts may 
also be suitable for higher temperature wells. 
0111. The degradable material can be mixed with inor 
ganic or organic compound to form what is referred to herein 
as a composite. In preferred alternative embodiments, the 
inorganic or organic compound in the composite is hydrated. 
Examples of the hydrated organic or inorganic Solid com 
pounds that can be utilized in the self-degradable diverting 
material include, but are not limited to, hydrates of organic 
acids or their salts such as Sodium acetate trihydrate, L-tar 
taric acid disodium salt dihydrate, sodium citrate dihydrate, 
hydrates of inorganic acids or their salts such as Sodium 
tetraborate decahydrate, sodium hydrogen phosphate hep 
tahydrate, sodium phosphate dodecahydrate, amylose, 
starch-based hydrophilic polymers, and cellulose-based 
hydrophilic polymers. 
0112 Referring to FIG. 24, a cross-sectional, side view of 
a circulation valve of the present invention is illustrated. This 
circulation valve 20 is a pipe section having holes 21 in its 
sidewalls and a casing shoe 10 at its bottom. The circulation 
valve 20 does not comprise a reactive material, but rather 
comprises steel or other material known to persons of skill. 
0113 FIG. 25, illustrates a cross-sectional, side view of a 
circulation valve of the present invention. This circulation 
valve 20 is a pipe section a wire-wrap screen 71 and a casing 
shoe 10 at its bottom. The circulation valve 20 does not 
comprise a reactive material, but rather comprises steel or 
other material and a wire-wrap screen as is known to persons 
of skill. 

0114. The circulation valves of FIGS. 24 and 25 are used 
in an inventive method illustrated in FIGS. 26A and 26B, 
which show cross-sectional, side view of a well bore having 
casing 4. Surface casing 2 and a well head 3. An annulus 5 is 
defined between the casing 4 and the Surface casing 2 at the 
top and well bore at the bottom. In this embodiment of the 
invention a particulate material 72 is pumped down the annu 
lus ahead of the leading edge of a cement composition 15. The 
particulate material 72 is suspended in a slurry so that the 
particles will flow down the annulus without blockage. The 
particulate material 72 has a particle size larger than the holes 
or wire-wrap screen in the circulation valve 21. Thus, as 
shown in FIG. 26B, when the particulate material 72 reaches 
the circulation valve, it is unable to flow through the circula 
tion valve so that it is stopped in the annulus. The particulate 
material 72 forms a log jam in the annulus 5 around the 
circulation valve 20. The particulate material 72 forms a 
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“gravel pack” of sorts to restrict fluid flow through the circu 
lation valve 20. Because cement compositions are typically 
more dense than circulation fluids, which may be used to 
suspend the particulate material 72, some of the circulation 
fluid may be allowed to pass through the particles while the 
cement composition is blocked and caused to stand in the 
annulus 5. 
0115 The particulate material 72 may comprise flakes, 
fibers, superabsorbents, and/or particulates of different 
dimensions. Commercial materials may be used for the par 
ticulate material such as FLOCELE (contains cellophane 
flakes), PHENOSEAL (available from Halliburton Energy 
Services), BARACARB (graded calcium carbonate of for 
example, 600-2300 microns mean size), BARAPLUG (a 
series of specially sized and treated salts with a wide distri 
bution of particle sizes), BARARESIN (a petroleum hydro 
carbon resin of different particle sizes) all available from 
Halliburton Enegy Services, SUPER SWEEP (a synthetic 
fiber) available from Forta Corporation, Grove City, Pa., and 
any other fiber capable of forming a plugging matt structure 
upon deposition and combinations of any of the above. Upon 
deposition around the circulation valve, these particulate 
materials form a cake, filter-cake, or plug around the circula 
tion valve 20 to restrict and/or stop the flow of fluid through 
the circulation valve. 
0116. Therefore, the present invention is well adapted to 
carry out the objects and attain the ends and advantages 
mentioned as well as those that are inherent therein. While 
numerous changes may be made by those skilled in the art, 
Such changes are encompassed within the spirit of this inven 
tion as defined by the appended claims. 
What is claimed is: 
1. A method of cementing casing in a well bore, the method 

comprising: 
running an annulus packer comprising a reactive material 

into the well bore on the casing: 
reverse-circulating an activator material in the well bore 

until the activator material contacts the reactive material 
of the packer; 

reconfiguring the packer upon contact of the activator 
material with the reactive material; and 

reverse-circulating a cement composition in the well bore 
until the reconfigured packer decreases flow of the 
cement composition. 

2. The method of claim 1, wherein said reconfiguring the 
packer comprises expanding the reactive material of the 
packer by contact with the activator material. 

3. The method of claim 1, wherein said reconfiguring the 
packer comprises shrinking the reactive material of the 
packer by contact with the activator material. 

4. The method of claim 1, wherein said reconfiguring the 
packer comprises dissolving the reactive material of the 
packer by contact with the activator material. 

5. The method of claim 1 further comprising running an 
isolation valve into the well bore with the packer; and closing 
the isolation valve after the packer decreases flow of the 
cement composition. 

6. The method of claim 1, further comprising reverse 
circulating a buffer fluid between said reverse-circulating the 
activator material and said reverse-circulating cement com 
position. 

7. A method of cementing casing in a well bore, the method 
comprising: 
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running an annulus packer comprising a reactive material 
and a protective material into the wellbore on the casing: 

reverse-circulating an activator material in the well bore 
until the activator material contacts the protective mate 
rial of the packer, wherein the activator material erodes 
the protective material to expose the reactive material; 

reconfiguring the packerby contact of the reactive material 
with a well bore fluid; and 

reverse-circulating a cement composition in the well bore 
until the reconfigured packer decreases flow of the 
cement composition. 

8. The method of claim 7, wherein the exposing the reactive 
material to a well bore fluid comprises exposing the reactive 
material to a well bore fluid selected from the group of fluids 
consisting of water, drilling mud, circulation fluid, fracturing 
fluid, cement composition, fluid leached into the well bore 
from a formation, and activator material. 

9. The method of claim 7, wherein said reconfiguring the 
packer comprises expanding the reactive material of the 
packer by contact with a well bore fluid. 

10. The method of claim 7, wherein said reconfiguring the 
packer comprises shrinking the reactive material of the 
packer by contact with a well bore fluid. 

11. The method of claim 7, wherein said reconfiguring the 
packer comprises dissolving the reactive material of the 
packer by contact with a well bore fluid. 

12. The method of claim 7, further comprising running an 
isolation valve into the well bore with the packer; and closing 
the isolation valve after the packer decreases flow of the 
cement composition. 

13. The method of claim 7, further comprising reverse 
circulating a buffer fluid between said reverse-circulating the 
activator material and said reverse-circulating cement com 
position. 

14. A packer forcementing casingina well bore wherein an 
annulus is defined between the casing and the well bore, the 
packer comprising: 

a packer element connected to the casing, wherein the 
packer element allows fluid to pass through the a well 
bore annulus past the packer element when it is in a 
non-expanded configuration, and wherein the packer 
element restricts fluid passage in the annulus past the 
packer element when the packer element is expanded; 

an expansion device in communication with the packer 
element; and 

a lock that prevents the expansion device from expanding 
the packer element, wherein the lock comprises a reac 
tive material. 

15. The packer of claim 14, wherein the reactive material of 
said lock comprises an expandable material that expands by 
contact with an activator material, wherein the lock becomes 
unlocked upon expansion of the expandable material. 

16. The packer of claim 14, wherein the reactive material of 
said lock comprises a shrinkable material that shrinks by 
contact with an activator material, wherein the lock becomes 
unlocked upon shrinkage of the shrinkable material. 

17. The packer of claim 14, wherein the reactive material of 
said lock comprises a dissolvable material that dissolves by 
contact with an activator material, wherein the lock becomes 
unlocked upon dissolution of the dissolvable material. 

18. The packer of claim 14, further comprising a protective 
material that coats the reactive material, wherein the protec 
tive material is readable by an activator material to expose the 
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reactive material to a well bore fluid, whereby the lock 
becomes unlocked upon exposure of the reactive material to 
the well bore fluid. 

19. The packer as claimed in claim 18, wherein the reactive 
material unlocks the lock upon contact with a well bore fluid 
selected from the group of fluids consisting of water, drilling 
mud, circulation fluid, fracturing fluid, cement composition, 
fluid leached into the well bore from a formation, and activa 
tor material. 

20. The packer of claim 18, wherein the reactive material of 
said lock comprises an expandable material that expands by 
contact with a well bore fluid, wherein the lock becomes 
unlocked upon expansion of the expandable material. 

Apr. 28, 2011 

21. The packer of claim 18, wherein the reactive material of 
said lock comprises a shrinkable material that shrinks by 
contact with a well bore fluid, wherein the lock becomes 
unlocked upon shrinkage of the shrinkable material. 

22. The packer of claim 18, wherein the reactive material of 
said lock comprises a dissolvable material that dissolves by 
contact with a well bore fluid, wherein the lock becomes 
unlocked upon dissolution of the dissolvable material. 

23. The packer of claim 14, further comprising an isolation 
valve. 


