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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; recon?guring 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 recon?gured circulation valve decreases How 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 ?uid 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. 

20 



Patent Application Publication Apr. 28, 2011 Sheet 1 0f 16 US 2011/0094742 A1 

11 

.00 

FIGURE 1 

) 

2O 

1O 

0 C O 0.0 



Patent Application Publication Apr. 28, 2011 Sheet 2 0f 16 US 2011/0094742 A1 

oooo/_21 

20 ‘I 
M Hf :::::::::: 

_.. llllllllll 

II II II I! IL 
II II II II II 
II II II II II 
II II II I! H 

00 0° llllllllll 

0 O O 0 IIIIHII 
II N H II II 
I] II II II II 

oo oo |||||||||| 

|||| || |||| |||||||||| 

0 O O 0 Illlllllll 

.JIJLJLIUL 

[-21 0°00 

0° 0 [21 

10 1Q 

FIGURE 2 FIGURE 3A 



Patent Application Publication Apr. 28, 2011 Sheet 3 0f 16 US 2011/0094742 A1 

FIGURE 58 

FIGURE 5A F|GURE4 



Patent Application Publication Apr. 28, 2011 Sheet 4 0f 16 US 2011/0094742 A1 

FIGURE 6 FIGURE 7 



Patent Application Publication Apr. 28, 2011 Sheet 5 0f 16 US 2011/0094742 A1 

11 

FIGURE 8 



,- A 

3 4 0 1 
2 2 

US 2011/0094742 A1 

44 1 

. I ll/arl/i/ff All I! I 211/ {III/)1 

4 

43 

74/ 

w; 
1 4 

4 

% 4 

Patent Application Publication 

1---§ -- 
FIGURE FIGURE FIGURE FIGURE 

10B 10A 98 



Patent Application Publication Apr. 28, 2011 Sheet 7 0f 16 US 2011/0094742 A1 

FIGURE 12 

21 

20\ [29 
[-27 

128 
30 

FIGURE 13 
FIGURE 11B 



Patent Application Publication Apr. 28, 2011 Sheet 8 0f 16 US 2011/0094742 A1 

a? 

33 

FIGURE 148 A/ 
if \ 

l 32 

FIGURE 14A 



Patent Application Publication Apr. 28, 2011 Sheet 9 0f 16 US 2011/0094742 A1 

39 

0000 OOCQOCM 

FIGURE 15 



Patent Application Publication Apr. 28, 2011 Sheet 10 0f 16 US 2011/0094742 A1 

39 

OOOCDO OGQOO 
38f\ J /-29 30 

59 28 

FIGURE 16 



Patent Application Publication Apr. 28, 2011 Sheet 11 0f 16 US 2011/0094742 A1 

WI“ 46 

/’_ 24 g 26 

51 

//"‘Y FIGURE 18 

/\-20 
FIGURE 19 

59:1“ “29 
VW VW 26 “E9 28 

FIGURE 17 55 i / taz 

FIGURE 20 



Patent Application Publication Apr. 28, 2011 Sheet 12 0f 16 US 2011/0094742 A1 

11 

15 

0% 5O 

21 

FIGURE 21 FIGURE 22 



Patent Application Publication Apr. 28, 2011 Sheet 13 0f 16 

FIGURE 23A 



Apr. 28, 2011 Sheet 14 0f 16 US 2011/0094742 A1 Patent Application Publication 

FIGURE 23B 



Patent Application Publication Apr. 28, 2011 Sheet 15 0f 16 US 2011/0094742 A1 

0 o o o 

o o o o 

o o o (if-21 
0 0 9/0 20 

o o o o /f 

o o o o / 

o o o o é % 
o o o o /% /// 
o o o 0 ¢ % 
o o o 0 ¢ 
0 o o o 20 é _f— /y// 

/// 71 o o o o / yi 
/ 

o o o o y' / /% 
o o o 0 ¢ / 
o o o 0 ¢ % 
o o o o // ¢ 
0 o o 0 % f2] é 
o o o o é 
o o o o y 

o o o 

o o o 0 

° ° ° ” 10 10 

FIGURE 24 FIGURE 25 



Patent Application Publication Apr. 28, 2011 Sheet 16 0f 16 US 2011/0094742 A1 

11 

o go on 

20 
II II II ll u n ll ll || || ll ll ll ll II II 

FIGURE 26A FIGURE 26B 



US 2011/0094742 A1 

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 US. patent application Ser. No. 10/929, 
163, ?ledAug. 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 ?uid is circulated through the Well bore 
by casing annulus and the casing inner diameter to ?ush 
excess debris from the Well. As used herein, the term “circu 
lation ?uid” includes all Well bore ?uids typically found in a 
Well bore prior to cementing a casing in the Well bore. 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 ?rst method, the 
cement composition slurry is pumped doWn the casing inner 
diameter, out through a casing shoe and/ or circulation valve at 
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 ?uids 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 
?guring 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 recon?gured 
circulation valve decreases ?oW 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 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; recon?guring the packer by contact of the 
activator material With the reactive material; and reverse 
circulating a cement composition in the Well bore until the 
recon?gured packer decreases ?oW 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; recon?guring 
the circulation valve by exposing the reactive material to a 
Well bore ?uid; and reverse-circulating a cement composition 
in the Well bore until the recon?gured circulation valve 
decreases ?oW of the cement composition. 
[0010] According to still another aspect of the invention, 
there is provided a method of cementing casing in a Well bore, 
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; recon?guring the packer by contact of the 
reactive material With a Well bore ?uid; and reverse-circulat 
ing a cement composition in the Well bore until the recon?g 
ured packer decreases ?oW 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 ?uid 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 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 ?uid 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 ?uid ?oW 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 
?uid communication betWeen an inner diameter of the valve 
housing and an exterior of the valve housing; a ?apper posi 
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tioned Within the valve housing, wherein the ?apper is biased 
to a closed position on a ring seat Within the valve housing; 
and a lock that locks the ?apper in an open con?guration 
alloWing ?uid 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 
?uid 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 con?guration alloWing ?uid 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 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 ?uid communication betWeen an inner 
diameter of the valve housing and an exterior of the valve 
housing; a ?oat plug positioned Within the valve housing, 
Wherein the ?oat plug is moveable to a closed position on a 
ring seat Within the valve housing; and a lock that locks the 
?oat plug in an open con?guration alloWing ?uid 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 
de?ned 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 ?uid to pass 
through the a Well bore annulus past the packer element When 
it is in a non-expanded con?guration, and Wherein the packer 
element restricts ?uid 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 ?uid ?oW; and reverse-circulating 
a cement composition in the Well bore until the accumulated 
particulate material decreases ?oW 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 ?gures are identi?ed by the same 
referenced characters, and Which are brie?y 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. 5A. 
[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 ?oWed in the annulus doWn to 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 ofan isola 
tion sleeve for closing the circulation valve, Wherein the iso 
lation sleeve is open. 
[0031] FIG. 9B is a cross-sectional, side vieW ofthe 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 ofthe iso 
lation sleeve illustrated in FIG. 10A, Wherein the isolation 
sleeve is closed. 
[0034] FIG. 11A is a cross-sectional, side vieW ofa circu 
lation valve, having a ?apper and a locking mechanism. 
[0035] FIG. 11B is an end vieW of the ?apper shoWn in FIG. 
11A. 
[0036] FIG. 12 is a cross-sectional, side vieW ofan embodi 
ment of the locking mechanism identi?ed in FIG. 11A, 
Wherein the locking mechanism comprises dissolvable mate 
rial. 
[0037] FIG. 13 illustrates a cross-sectional, side vieW of the 
locking mechanism identi?ed 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 
identi?ed 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 ofan altema 
tive sliding sleeve circulation valve Wherein the locking 
mechanism comprises dissolvable or shrinkable material. 
[0041] FIG. 16 is a cross-sectional, side vieW ofan altema 
tive sliding sleeve circulation valve Wherein the locking 
mechanism comprises expandable material. 
[0042] FIG. 17 illustrates a cross-sectional, side vieW of a 
circulation valve having a ?oat plug and valve lock. 
[0043] FIG. 18 is a cross-sectional, side vieW of the valve 
lock identi?ed in FIG. 17, Wherein the valve lock comprises 
dissolvable material. 
[0044] FIG. 19 is a cross-sectional, side vieW of the valve 
lock identi?ed in FIG. 17, Wherein the valve lock comprises a 
shrinkable material. 
[0045] FIG. 20 illustrates a cross-sectional, side vieW of the 
valve lock identi?ed 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. 
[0048] FIG. 23A is a cross-sectional, side vieW of the 
packer identi?ed in FIGS. 21 and 22, Wherein the packer is 
shoWn in a pre-expanded con?guration. 
[0049] FIG. 23B is a cross-sectional, side vieW of the 
packer identi?ed in FIGS. 21 and 22, Wherein the packer is 
shoWn in an expanded con?guration. 
[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. 
[0052] 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 de?ned 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 ?uidly 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 ?uidly 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 ?uid may ?oW 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 suf?cient amount of ?uid 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 con?guration 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 ?uid is circulated into the Well bore before the 
circulation valve and casing are run into the Well bore. A 
buffer of the freshWater activator 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. 

[0058] 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 
identi?ed 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 
?uid to ?oW through the plug 19 When the conduits 18 are 
open. Also, the outside diameter of the expandable plug 19 




















