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DOWNHOLE CIRCULATING VALVE HAVING A SEAL PLUG 
AND METHOD FOR OPERATING SAME 

5 TECHNICAL FIELD OF THE INVENTION 

[00011 This invention relates, in general, to equipment utilized in conjunction with 

operations performed in subterranean wells and, in particular, to a downhole circulating valve 

having a seal plug that establishes a metal-to-metal seal in the non-circulating configuration 

of the downhole circulating valve and method for operating the downhole circulating valve 

10 	from the circulating configuration to the non-circulating configuration. 

BACKGROUND OF THE INVENTION 

100021 Without limiting the scope of the present invention, its background will be 

described with reference to operations performed in a subterranean well that traverses a fluid- 

15 	bearing subterranean formation, as an example. 

100031 	Subterranean wellbores are generally filled with fluids that extend from the 

lower end of the wellbore to the earth's surface. During drilling and completions operations, 

a weighted column of fluid is usually present adjacent to each of the fluid-bearing formations 

intersected by the wellbore, so that the column of fluid may exert hydrostatic pressure on the 

20 	formations sufficient to prevent uncontrolled flow of fluid from the formations into the 

wellbore, which uncontrolled flow of fluid could result in a blowout. 

[00041 	In order to transport fluid, tools, instruments and the like within the wellbore, it 

is common practice to utilize a tubular string, such as drill pipe or production tubing, to 

which tools and instruments may be attached and within which fluid may be flowed and tools 

25 	and instruments may be conveyed. 	When such a tubular string is disposed within the 

wellbore, the fluid column within the wellbore may be effectively divided into multiple 

portions. 	For example, a first fluid column may be contained in an annulus defined by the 

area separating the outside surface of the tubular string from the inside surface of the 

wellbore or casing string. At the same time, a second fluid column may be contained within 

30 	the interior of the tubular string. 	In such a configuration, toots, instruments and the like may 

be transported within the wellbore attached to or within the tubular string without disturbing 

the relationship between the fluid column in the annulus and the fluid-bearing formations 

intersected by the wellbore. 



[0005] After completing the well, it is typically desirable to remove the weighted column of 
fluid from both the interior of the tubular string, if present, and the annulus above the 
uppermost packer. 	This may be achieved through the use of a circulating valve disposed 
within in the tubular string, which has a primary purpose of selectively permitting fluid flow 
between the interior of the tubular string and the annulus. 	For example, when it is desired to 
remove the weighted column of fluid from the annulus, a lighter fluid may be pumped from 
the earth's surface down through the tubular string and radially outwardly from the tubular 
string through the circulating valve into the annulus and then back to the earth's surface up 
through the annulus. 	Typically, such tubing conveyed circulating valves have a sliding 
sleeve that may be longitudinally shifted between circulating and non-circulating positions 
using 	wireline 	or 	slickline 	techniques. 	In 	the 	non-circulating 	position, 	conventional 
circulating valves typically utilize resilient materials such as elastomers for sealing between 
movable metal parts to prevent fluid communication between the interior of the tubular string 
and the annulus. 

[0006] It has been found, however, that resilient sealing materials may deteriorate due to the 
harsh chemical, physical and thermal environment downhole. 	When such deterioration 
occurs, the seals may fail to prevent fluid communication between the interior of the tubular 
string and the annulus when a conventional circulating valve is in its non-circulating 
configuration. 	Accordingly, a need has arisen for an improved circulating valve that is 
operable to selectively permit fluid flow between the interior of the tubular string and the 
annulus. 	In addition, a need has arisen for such an improved circulating valve that does not 
rely on resilient sealing materials to prevent fluid communication between the interior of the 
tubular 	string 	and 	the 	annulus 	when 	the 	circulating 	valve 	is 	in 	its 	non-circulating 
configuration. 

SUMMARY OF THE INVENTION 
[0007] Embodiments of the present invention disclose an improved circulating valve that is 
operable to selectively permit fluid flow between the interior of a tubular string and the 
annulus between the tubular string and the wellbore. 	in addition, the improved circulating 
valve as per embodiments of the present invention does not rely on resilient sealing materials 
to prevent fluid communication between the interior of the tubular string and the annulus 
when the circulating valve is in its non-circulating configuration but instead utilizes a metal-
to-metal seal to provide a long lasting, high-pressure seal. 

[0008] 
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According 	to 	a 	first 	aspect, 	there 	is 	provided 	a 	downhole 	circulating 	valve 
comprising: a generally tubular outer housing comprising an internal passageway, at least one 
circulating passageway formed through at least a portion of the housing, at least one exterior 
port in fluid communication with the circulating passageway and at least one interior port in 
fluid communication with the circulating passageway and the internal passageway; and at 
least one seal plug disposed within the circulating passageway, the seal plug comprising a 
plug shell having at least a seal ring and a plug pin operable to be received within the plug 
shell to expand the seal ring, the seal plug being actuable between a first position, in which 
the seal plug is remote from the interior and the exterior ports so that fluid is allowed between 
the interior and the exterior ports through the circulating passageway, and a second position, 
in which the seal plug is positioned between the interior and the exterior ports and the plug 
pin is received within the plug shell so that the seal ring is expanded to form a metal-to-metal 
seal with the circulating passageway, thereby preventing fluid flow between the interior and 
the exterior ports. 

10009] 	In one embodiment, the downhole circulating valve may include a piston that is 
at least partially disposed within the circulating passageway and is operably associated with 
the seal plug. 	In this embodiment, longitudinal shifting of the piston in a first direction 
operates the seal plug from the first position to the second position. 	In some embodiments, 
the seal plug may include at least one seal ring that forms a metal-to-metal seal with the 
circulating passageway when the seal plug is in the second position. In certain embodiments, 
the seal plug may form multiple metal-to-metal seals with the circulating passageway when 
the sea] plug is in the second position. 	For example, in one embodiment, the seal plug may 
include a plurality of seal rings each forming a metal-to-metal seal with the circulating 
passageway when the seal plug is in the second position. 	In another embodiment, the seal 
plug may include a plug shell having a plurality of seal rings and a plug pin operable to be 
received within the plug shell to expand the seal rings to form metal-to-metal seals with the 
circulating passageway when the seal plug is in the second position. 

10010] 	In some embodiments, the downhole circulating valve may have multiple seal 
plugs disposed within the circulating passageway, each forming at least one metal-to-metal 
seal with the circulating passageway when the seal plugs are positioned between the exterior 
port and the interior port. 	In other embodiments, the downhole circulating valve may have 
multiple seal plugs disposed within the circulating passageway, each forming multiple metal-
to-metal seals with the circulating passageway when the seal plugs are positioned between 
the exterior port and the interior port. 	In one embodiment, the downhole circulating valve 
may include a removable barrier disposed within a fluid flow path between the exterior port 
and the interior port to initially prevent fluid flow between the exterior port and the interior 
port. 

(0011) 
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According to 	a second aspect, there is provided 	a downhole circulating valve 
comprising: a generally tubular outer housing comprising 	an internal passageway, at least 

one 	circulating passageway formed through at least a portion of the housing, at least one 
exterior port and at least one interior port, the exterior port, the interior port, and at least a 
potion of the circulating passageway forming a fluid flow path through the housing; at least 
one seal plug disposed within the circulating passageway, the seal plug comprising a plug 
shell having at least one seal ring and a plug pin operable to be received within the plug shell 
to expand the seal ring, the seal plug being actuable between a first position, in which the seal 
plug is remote from the interior and the exterior ports so that fluid flow is allowed through 
the fluid flow path, and a second position, in which the seal plug is positioned between the 
interior and the exterior ports and 	the plug pin is received within the plug shell so that the 

seal 	ring 	is 	expanded 	to 	form 	at 	least 	one 	metal-to-metal 	seal 	with the circulating 
passageway, thereby preventing fluid flow through the fluid flow path. 

[0012] According to a third aspect, there is provided a method for operating a downhole 
circulating valve, the method comprising: providing a circulating valve, the circulating valve 
comprising: a generally tubular outer housing comprising an internal passageway, at least 
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one circulating passageway formed through at least a portion of the housing, at least one 
exterior port in fluid communication with the circulating passageway, and at least one interior 
port in fluid communication with the circulating passageway and the internal passageway; 
and at least one seal plug disposed within the circulating passageway, the seal plug 
comprising a plug shell having at least one seal ring and a plug pin operable to be received 
within the plug shell to expand the seal ring; running the circulating valve into a wellbore on 
a tubular string; shifting the seal plug from a first position, in which the seal plug is remote 
from the interior and the exterior ports so that fluid flow is allowed between the interior and 
the exterior ports through the circulating passageway, to a second position, in which the seal 
plug is positioned between the interior and the exterior ports; and receiving the plug pin 
within the plug shell so that the seal ring is expanded to form at least one metal-to-metal seal 
with the circulating passageway, thereby preventing fluid flow between the 	interior and the 
exterior ports. 

[0013] 	The method may also include initially preventing fluid flow between the 
exterior port and the interior port with a removable barrier, initially preventing fluid flow 
between the exterior port and the interior port with a rupture disk and increasing a pressure 
signal acting on the rupture disk to burst the rupture disk and allow fluid flow between the 
exterior port and the interior port, forming multiple metal-to-metal seals between the seal 
plug and the circulating passageway, forming at least one metal-to-metal seal with each of a 
plurality of seal plugs and the circulating passageway, forming multiple metal-to-metal seals 
between each of a plurality of seal plugs and the circulating passageway and/or shifting the 
seal plug by one of mechanical actuation, electromechanical actuation and pressure actuation. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 	For a more complete understanding of the features and advantages of the present 
invention, reference is now made to the detailed description of the invention along with the 
accompanying figures in which corresponding numerals in the different figures refer to 
corresponding parts and in which: 
[0015] 	Figure 1 is a schematic illustration of a well system operating a downhole 
circulating valve according to an embodiment of the present invention; 
[0016] 	Figures 2A-2B are cross sectional views of a downhole circulating valve 
according to an embodiment of the present invention in its circulating configuration and its 
non-circulating configuration, respectively; 
[0017] 	Figure 2C is an enlarged view of a seal plug positioned in a downhole 
circulating valve in its circulating configuration according to an embodiment of the present 
invention; 
100181 	Figure 2D is an enlarged view of a seal plug forming a metal-to-metal seal in a 
downhole circulating valve in its non-circulating configuration according to an embodiment 
of the present invention; 
[0019] 	Figures 3A-3B are cross sectional views of a downhole circulating valve 
according to an embodiment of the present invention in its circulating configuration and its 
non-circulating configuration, respectively; 
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[0020] 	Figure 3C is an enlarged view of a seal plug forming a metal-to-metal seal in a 

downhole circulating valve in its non-circulating configuration according to an embodiment 

of the present invention; 

[0021] 	Figure 3D is a cross sectional view of the downhole circulating valve in figure 

5 3A taken along line 3D-3D; 

[0022] 	Figures 4A-4B are cross sectional views of a downhole circulating valve 

according to an embodiment of the present invention in its circulating configuration and its 

non-circulating configuration, respectively; 

[0023] 	Figures 4C-4D are enlarged views of a seal assembly positioned in a downhole 

10 circulating valve 	in 	its 	circulating 	configuration 	and 	its 	non-circulating configuration, 

respectively, according to an embodiment of the present invention; 

[0024] 	Figures 5A-5B are cross sectional views of a downhole circulating valve 

according to an embodiment of the present invention in its circulating configuration and its 

non-circulating configuration, respectively; and 

15 [0025] 	Figures 6A-6B are cross sectional views of a downhole circulating valve 

according to an embodiment of the present invention in its circulating configuration and its 

non-circulating configuration, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

20 10026] 	While the making and using of various embodiments of the present invention 

are discussed in detail below, it should be appreciated that the present invention provides 

many applicable inventive concepts, which can be embodied in a wide variety of specific 

contexts. The specific embodiments discussed herein are merely illustrative of specific ways 

to make and use the invention, and do not delimit the scope of the present invention. 

25 [00271 	Referring initially to figure 1, therein is depicted a well system including a 

downhole 	circulating 	valve 	embodying 	principles 	of 	the 	present 	invention 	that 	is 

schematically illustrated and generally designated 10. 	In the illustrated embodiment, a 

wellbore 12 extends through the various earth strata. Wellbore 12 has a substantially vertical 

section 14, the upper portion of which has a casing string 16 cemented therein. 	Wellbore 12 

30 also has a substantially horizontal section 18 that extends through a hydrocarbon bearing 

subterranean formation 20. 	As illustrated, substantially horizontal section 18 of wellbore 12 

is open hole. 
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[0028] 	Positioned within wellbore 12 and extending from the surface is a tubing string 

22. 	Tubing string 22 provides a conduit for formation fluids to travel from formation 20 to 

the surface and for injection fluids to travel from the surface to formation 20. 	At its lower 

end, tubing string 22 is coupled to a completions string that has been installed in wellbore 12 

5 and divides the completion interval into various production intervals adjacent to formation 

20. 	The completion string includes a plurality of sand control screens 24, each of which is 

positioned between a pair of annular barriers depicted as packers 26 that provides a fluid seal 

between the completion string and wellbore 12, thereby defining the production intervals. 

Tubing string 22 may include a variety of tools such as packer 28 that provides a seal 

10 between tubing string 22 and casing string 16. 	An annulus 30 is defined between tubing 

string 22 and casing string 16 above packer 28. 	As discussed above, during drilling and 

completions operations, a weighted column of fluid is usually present in the wellbore 12 to 

exert hydrostatic pressure on formation 20 sufficient to prevent uncontrolled flow of fluid 

from formation 20 into wellbore 12. To enable production, however, the weighted column of 

15 fluid must be removed from wellbore 12. 	In the illustrated embodiment, a circulating valve 

32 is positioned within tubing string 22 above packer 28 and may be operated via a slickline 

or wireline deployed shifting tool 34 including, for example, a mechanical shifting or jarring 

tool, an electromechanical shifting tool such as a downhole power unit having an electrical 

motor and a movable shaft or similar shifting tool. 	Alternatively, a circulating valve of the 

20 present invention may be operated using pressure signals, such as via a hydraulic pressure 

system, 	hydrostatic 	pressure 	changes 	or 	localized 	pressure 	operations 	such 	as 	via 

pyrotechnics, combustible elements including thermite elements and the like. 	Circulating 

valve 32 serves the primary purpose of selectively permitting fluid flow between the interior 

of tubing string 22 and annulus 30. 

25 100291 	Typically, circulating valve 32 is initially run downhole in a non-circulating 

configuration to prevent fluid flow between the interior of tubing string 22 and annulus 30. 

As described below, circulating valve 32 includes a removable barrier such as a rupture disk 

fluid flow between 	interior 	 22 	 30. 	In that initially prevents 	 the 	of tubing string 	and annulus 

the case of a rupture disk, a pressure signal may be used to burst the rupture disk when it is 

30 desired to operate circulating valve 32 from the initial non-circulating configuration to its 

circulating configuration. Thereafter, a lighter fluid may be pumped from the earth's surface 

down through tubing string 22 and radially outwardly from tubing string 22 through 

circulating valve 32 into annulus 30 and then back to the earth's surface up through annulus 
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30. After the weighted column of fluid is removed, shifting tool 34 deployed on conveyance 

36 is used to operate circulating valve 32 from its circulating configuration to a non-

circulating configuration. In the present invention, when circulating valve 32 is shifted to the 

non-circulating configuration, one or more metal-to-metal seals prevent fluid communication 

5 between the interior of tubing string 22 and annulus 30. 

10030] 	Even though figure 1 depicts the circulating valve of the present invention in a 

cased hole environment, it should be understood by those skilled in the art that the present 

invention is equally well suited for use in an open hole well. In addition, even though figure 

1 depicts the circulating valve of the present invention in a vertical section of the wellbore, it 

10 should be understood by those skilled in the art that the present invention is equally well 

suited for use in wells having other directional configurations including horizontal wells, 

deviated wells, slanted wells, multilateral wells and the like. 	Accordingly, it should be 

understood by those skilled in the art that the use of directional terms such as above, below, 

upper, lower, upward, downward, left, right, uphole, downhole and the like are used in 

15 relation to the illustrative embodiments as they are depicted in the figures, the upward 

direction being toward the top of the corresponding figure and the downward direction being 

toward the bottom of the corresponding figure, the uphole direction being toward the surface 

of the well and the downhole direction being toward the toe of the well. 

[0031] 	Referring next to figures 2A-2B, therein is depicted a downhole circulating 

20 valve embodying principles of the present invention in its circulating configuration and its 

non-circulating configuration, respectively, that is generally designated 	100. 	Circulating 

valve 100 has a generally tubular outer housing 102 including, in the illustrated embodiment, 

an upper housing section 104 and a lower housing section 106 that are threadably coupled 

together. 	Housing 102 is suitably adapted to be coupled to other downhole tools or tubulars 

25 to form a tubing string as described above. 	Housing 	102 defines a generally axially 

extending internal passageway 	108. 	Lower housing section 	106 includes a generally 

longitudinally extending circulating passageway 110 that is formed through a portion of 

lower housing section 106. 	In the illustrated embodiment, circulating passageway 110 is a 

generally cylindrically shaped passageway extending between an upper opening 112 and an 

30 exterior port 114. In addition, lower housing section 106 includes a plurality of interior ports 

116 that provide fluid communication between internal passageway 108 and circulating 

passageway 110. 	Together, exterior port 114, interior ports 116 and circulating passageway 

110 form a fluid flow path 120 between internal passageway 108 and an annulus 118 
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surrounding housing 102. Even though a single circulating passageway 110 is depicted and 

described, it should be understood by those skilled in the art that circulating valve 100 could 

alternatively have multiple circulating passageways without departing from the principles of 

the present invention. 	Circulating valve 100 may include an optional removable barrier 122 

5 positioned within fluid flow path 120 to initially prevent fluid flow between exterior port 114 

and interior ports 116. 	Removable barrier 122 may be a pressure actuated device such as a 

rupture disk, a temperature actuated device such as degradable polymer, an electrically 

actuated device such as a solenoid valve or the like. 

100321 	An actuator sleeve 124 is slidably disposed within internal passageway 108 and 

10 is longitudinally shiftable relative to housing 102. Actuator sleeve 124 has a receiving profile 

126 that is operable to be engaged by and cooperate with a shifting tool that may be run 

downhole on a conveyance such as a wireline or slickline as described above. A piston 128 

is positioned within internal passageway 108 and extends into circulating passageway 110. 

Piston 128 is operatively associated with actuator sleeve 124 and may be coupled thereto via 

15 a pin connection or other suitable coupling assembly. Even though piston 128 is depicted as 

a rod piston, it should be understood by those skilled in the art that piston 128 could 

alternatively be an annular piston without departing from the principles of the present 

invention. A seal plug 130 is positioned within circulating passageway 110. As best seen in 

figure 2C, seal plug 130 includes a generally cylindrical plug shell 132 having a thin walled 

20 section including a plurality of annular grooves forming a plurality of annular lands referred 

to herein as seal rings 134. 	Seal plug 130 also includes a generally cylindrical plug pin 136 

that is operable to be slidably received in plug shell 132. 	Plug pin 136 is also slidably 

received about a plug sleeve 138 disposed within plug shell 132. 	Preferably, plug pin 136 

has an interference fit with plug sleeve 138 or may be coupled thereto with a bonding agent 

25 to prevent premature setting of seal plug 130. Plug pin 136 may have a slight taper to aid in 

insertion of plug pin 136 into plug shell 132 and to enable expansion of seal rings 134 as plug 

pin 136 is inserted into plug shell 132, as described below. 

[0033] 	In operation, after circulating valve 100 has been run downhole as part of a 

tubing string and it is desired to circulate fluid between internal passageway 108 and annulus 

30 118, removable barrier 122, if present, may be actuated. For example, in the case of a rupture 

disk, a pressure signal may be used to burst the rupture disk to disable the removable barrier 

122. 	Thereafter, a fluid may be pumped from the earth's surface down through the tubing 

string into internal passageway 108, through fluid flow path 120 and into annulus 118 for 
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return to the surface. 	When it is desired to operate circulating valve 100 from the circulating 

configuration (figure 2A) to the non-circulating configuration (figure 2B), a shifting tool, 

such as a wireline conveyed shifting tool, engages with receiving profile 126 of actuator 

sleeve 124. 	The shifting tool may then be used to downwardly shift actuator sleeve 124 

5 which causes piston 128 to shift downwardly. The downward shifting of piston 128 drives 

seal plug 	130 through circulating passageway 110 until plug shell 132 contacts annular 

shoulder 140 of circulating passageway 110 such that seal plug 130 is in a position between 

exterior port 114 and interior ports 116 in fluid flow path 120. 	As best seen in figure 2D, 

further downward movement of piston 128 shifts plug pin 136 down plug sleeve 138 and into 

10 plug shell 132 which causes the expansion of seal rings 134 forming a plurality of metal-to-

metal seals with circulating passageway 110, thereby preventing fluid flow through fluid flow 

path 120. 	Thereafter, the shifting tool may be released from circulating valve 100 for 

retrieval to the surface. 

[0034] 	Referring next to figures 3A-3B, therein is depicted a downhole circulating 

15 valve embodying principles of the present invention in its circulating configuration and its 

non-circulating configuration, respectively, that is generally designated 200. 	Circulating 

valve 200 has a generally tubular outer housing 202 including, in the illustrated embodiment, 

an upper housing section 204 and a lower housing section 206 that are threadably coupled 

together. Housing 202 is suitably adapted to be coupled to other downhole tools or tubulars 

20 to form a tubing string as described above. 	Housing 202 defines a generally axially 

extending internal passageway 208. 	Lower housing section 206 includes a generally 

longitudinally extending circulating passageway 210 that is formed through a portion of 

lower housing section 206. 	In the illustrated embodiment, circulating passageway 210 is a 

generally cylindrically shaped passageway extending between an upper opening 212 and an 

25 exterior port 214, as best seen in figure 3D. 	In addition, lower housing section 206 includes 

an interior port 216 that provides fluid communication between internal passageway 208 and 

circulating passageway 210. 	Together, exterior port 214, interior port 216 and circulating 

passageway 210 form a fluid flow path 220 between internal passageway 208 and an annulus 

218 surrounding housing 202. Circulating valve 200 may include an optional removable 

30 barrier 222 (figure 3D) positioned within fluid flow path 220 to initially prevent fluid flow 

between exterior port 214 and interior ports 216. 

[0035] 	An actuator sleeve 224 is slidably disposed within internal passageway 208 and 

is longitudinally shiftable relative to housing 202. Actuator sleeve 224 has a receiving profile 
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226 that is operable to be engaged by and cooperate with a shifting tool that may be run 

downhole on a conveyance such as a wireline or slickline as described above. A piston 228 

is positioned within internal passageway 208 and extends into circulating passageway 210. 

Piston 228 is operatively associated with actuator sleeve 224 and may be coupled thereto via 

5 a pin connection or other suitable coupling assembly. 	A seal plug 230 is positioned within 

circulating passageway 210. As best seen in figure 3C, seal plug 230 includes a pair of seal 

rings 234, 236 that are operably to form metal-to-metal seals with circulating passageway 

210 . 

[0036] 	In operation, after circulating valve 200 has been run downhole as part of a 

10 tubing string and it is desired to circulate fluid between internal passageway 208 and annulus 

218, removable barrier 222, if present, may be actuated. Thereafter, a fluid may be pumped 

from the earth's surface down through the tubing string into internal passageway 208, 

through fluid flow path 220 and into annulus 218 for return to the surface. When it is desired 

to operate circulating valve 200 from the circulating configuration (figure 3A) to the non- 

15 circulating configuration (figure 3B), a shifting tool, such as a wireline conveyed shifting 

tool, engages with receiving profile 226 of actuator sleeve 224. The shifting tool may then be 

used to downwardly shift actuator sleeve 224, which causes piston 228 to shift downwardly. 

The downward shifting of piston 228 drives seal plug 230 downwardly through circulating 

passageway 210 to a position between exterior port 214 and interior ports 216 in fluid flow 

20 path 220. As best seen in figure 3C, seal rings 234, 236 each form a metal-to-metal seal with 

circulating passageway 210, thereby preventing fluid flow through fluid flow path 220. 

When desired, upward jarring will release the shifting tool from circulating valve 200 for 

retrieval to the surface. 

[0037] 	Referring next to figures 4A-4B, therein is depicted a downhole circulating 

25 valve embodying principles of the present invention in its circulating configuration and its 

non-circulating configuration, respectively, that is generally designated 300. 	Circulating 

valve 300 has a generally tubular outer housing 302 including, in the illustrated embodiment, 

an upper housing section 304 and a lower housing section 306 that are threadably coupled 

together. 	Housing 302 is suitably adapted to be coupled to other downhole tools or tubulars 

30 to foul' a tubing string as described above. 	Housing 302 defines a generally axially 

extending internal passageway 308. 	Lower housing section 306 includes a generally 

longitudinally extending circulating passageway 310 that is formed through a portion of 

lower housing section 306. 	In the illustrated embodiment, circulating passageway 310 is a 
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generally cylindrically shaped passageway extending between an upper opening 312 and an 

exterior port 314. In addition, lower housing section 306 includes a plurality of interior ports 

316 that provide fluid communication between internal passageway 308 and circulating 

passageway 310. 	Together, exterior port 314, interior ports 316 and circulating passageway 

5 310 form a fluid flow path 320 between internal passageway 308 and an annulus 318 

surrounding housing 302. 	Circulating valve 300 may include an optional removable barrier 

322 positioned within fluid flow path 320 to initially prevent fluid flow between exterior port 

314 and interior ports 316. 

[00381 	An actuator sleeve 324 is slidably disposed within internal passageway 308 and 

10 is longitudinally shiftable relative to housing 302. Actuator sleeve 324 has a receiving profile 

326 that is operable to be engaged by and cooperate with a shifting tool that may be run 

downhole on a conveyance such as a wireline or slickline as described above. 	A piston 328 

is positioned within internal passageway 308 and extends into circulating passageway 310. 

Piston 328 is operatively associated with actuator sleeve 324 and may be coupled thereto via 

15 a pin connection or other suitable coupling assembly. 	A seal assembly 330 is positioned 

within circulating passageway 310. 	As best seen in figure 4C, seal assembly 330 includes a 

solid plug 332 and a pair of seal plugs 334, 336. 	Seal plug 334 includes a generally 

cylindrical plug shell 338 having a thin walled section including a plurality of seal rings 340. 

Seal plug 334 also includes a generally cylindrical plug pin 342 that is operable to be slidably 

20 received in plug shell 338. 	Plug pin 342 may have a slight taper to aid in insertion of plug 

pin 342 into plug shell 338 and to enable expansion of seal rings 340 as plug pin 342 is 

inserted into plug shell 338. 	Plug pin 342 is coupled to plug shell 338 with a bonding agent 

to prevent premature setting of seal plug 334. 	Likewise, seal plug 336 includes a generally 

cylindrical plug shell 344 having a thin walled section including a plurality of seal rings 346. 

25 Seal plug 336 also includes a generally cylindrical plug pin 348 that is operable to be slidably 

received in plug shell 344. 	Plug pin 348 may have a slight taper to aid in insertion of plug 

pin 348 into plug shell 344 and to enable expansion of seal rings 346 as plug pin 348 is 

inserted into plug shell 344. 	Plug pin 348 is coupled to plug shell 344 with a bonding agent 

to prevent premature setting of seal plug 336. 	Preferably, the force required to break the 

30 bond between plug pin 348 and plug shell 344 is greater than the force required to break the 

bond between plug pin 342 and plug shell 338 to enable setting of seal plug 336 prior to 

setting of seal plug 330 as described below. 	An o-ring 350 is positioned around solid plug 

332 and is initially supported against annular shoulder 352 of circulating passageway 310. 
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[00391 	In operation, after circulating valve 300 has been run downhole as part of a 

tubing string and it is desired to circulate fluid between internal passageway 308 and annulus 

5 

318, removable barrier 322, if present, may be actuated. 	Thereafter, a fluid may be pumped 

from the earth's surface down through the tubing string into internal passageway 308, 

through fluid flow path 320 and into annulus 318 for return to the surface. When it is desired 

to operate circulating valve 300 from the circulating configuration (figure 4A) to the non- 

circulating configuration (figure 4B), a shifting tool, such as a wireline conveyed shifting 

tool, engages with receiving profile 326 of actuator sleeve 324. The shifting tool may then be 

used to downwardly shift actuator sleeve 324 which causes piston 328 to shift downwardly. 

10 The downward shifting of piston 328 drives seal assembly 330 downwardly through 

circulating passageway 310 to a position between exterior port 314 and interior ports 316 in 

fluid flow path 320 wherein a lowered tapered end of solid plug 332 contacts a tapered 

surface of circulating passageway 310. 	As best seen in figure 4D, further downward 

movement of piston 328 initially drives plug pin 342 into plug shell 338 which causes the 

15 expansion of seal rings 340 then drives plug pin 348 into plug shell 344 which causes the 

expansion of seal rings 346 forming a plurality of metal-to-metal seals with circulating 

passageway 310, thereby preventing fluid flow through fluid flow path 320. 	When desired, 

upward jarring will release the shifting tool from circulating valve 300 for retrieval to the 

surface. 

20 [00401 	Referring next to figures 5A-5B, therein is depicted a downhole circulating 

valve embodying principles of the present invention in its circulating configuration and its 

non-circulating configuration, respectively, that is generally designated 400. 	Circulating 

valve 400 has a generally tubular outer housing 402 including, in the illustrated embodiment, 

an upper housing section 404 and a rower housing section 406 that are threadably coupled 

25 together. 	Housing 402 is suitably adapted to be coupled to other downhole tools or tubulars 

to fowl a tubing string as described above. 	Housing 402 defines a generally axially 

extending internal passageway 408. 	Lower housing section 406 includes a generally 

longitudinally extending circulating passageway 410 that is fowled through a portion of 

lower housing section 406. 	In the illustrated embodiment, circulating passageway 410 is a 

30 generally cylindrically shaped passageway extending between an upper opening 412 and an 

exterior port 414. In addition, lower housing section 406 includes a plurality of interior ports 

416 that provide fluid communication between internal passageway 408 and circulating 

passageway 410. 	Together, exterior port 414, interior ports 416 and circulating passageway 
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410 form a fluid flow path 420 between internal passageway 408 and an annulus 418 

surrounding housing 402. 	Circulating valve 400 may include an optional removable barrier 

422 positioned within fluid flow path 420 to initially prevent fluid flow between exterior port 

414 and interior ports 416. 

5 [00411 	An actuator sleeve 424 is slidably disposed within internal passageway 408 and 

is longitudinally shiftable relative to housing 402. Actuator sleeve 424 has a receiving profile 

426 that is operable to be engaged by and cooperate with a shifting tool that may be run 

downhole on a conveyance such as a wireline or slickline as described above. A piston 428 

is positioned within internal passageway 408 and extends into circulating passageway 410. 

10 Piston 428 is operatively associated with actuator sleeve 424 and may be coupled thereto via 

a pin connection or other suitable coupling assembly. 	A seal plug 430 is positioned within 

circulating passageway 410. 	Seal plug 430 includes a generally cylindrical plug shell 432 

having a thin walled section including a plurality of annular grooves forming a plurality of 

annular lands referred to herein as seal rings as described above. Seal plug 430 also includes 

15 a generally cylindrical plug pin 436 that is operable to be slidably received in plug shell 432. 

Plug pin 436 is also slidably received about a plug sleeve 438 disposed within plug shell 432. 

Preferably, plug pin 436 has an interference fit with plug sleeve 438 or may be coupled 

thereto with a bonding agent to prevent premature setting of seal plug 430. Plug pin 436 may 

have a slight taper to aid in insertion of plug pin 436 into plug shell 432 and to enable 

20 expansion of the seal rings as plug pin 436 is inserted into plug shell 432, as described below. 

100421 	In addition to being mechanically operable, circulating valve 400 may be 

operated using pressure signals. 	In the illustrated embodiment, upper housing section 404 

includes a hydraulic port 440 that is operable to be connected to a hydraulic line (not 

pictured) that may run from circulating valve 400 to a surface hydraulic facility. 	Upper 

25 

30 

housing section 404 also includes a hydraulic fluid passageway 442. 	A rod piston 444 is 

slidably and sealing disposed within hydraulic fluid passageway 442. 	Piston 444 is operably 

associated with a piston shoulder 446 that is threadably coupled to actuator sleeve 424. 	It 

should be understood by those skilled in the art that in a pressure operated circulating valve, 

an actuator sleeve is not required. 	Accordingly, in the present embodiment, piston 444, 

actuator sleeve 424 and piston 428 may be considered to be a single pressure actuated piston. 

[00431 	In operation, after circulating valve 400 has been run downhole as part of a 

tubing string and it is desired to circulate fluid between internal passageway 408 and annulus 

418, removable barrier 422, if present, may be actuated. Thereafter, a fluid may be pumped 
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from the earth's surface down through the tubing string into internal passageway 408, 

through fluid flow path 420 and into annulus 418 for return to the surface. When it is desired 

to operate circulating valve 400 from the circulating configuration (figure 5A) to the non-

circulating configuration (figure 5B), hydraulic pressure may be increased with the hydraulic 

5 system such that the hydraulic fluid acts on piston 444. Downward movement of piston 444 

downwardly shifts actuator sleeve 424 which causes piston 428 to shift downwardly. 	The 

downward shifting of piston 428 drives seal plug 430 through circulating passageway 410 

until plug shell 432 contacts annular shoulder 450 of circulating passageway 410 such that 

seal plug 430 is in a position between exterior port 414 and interior ports 416 in fluid flow 

10 path 420. Further downward movement of piston 428 shifts plug pin 436 down plug sleeve 

438 and into plug shell 432 which causes the expansion of the seal rings forming a plurality 

of metal-to-metal seals with circulating passageway 410, thereby preventing fluid flow 

through fluid flow path 420. Once seal plug 430 is set, hydraulic pressure may be released. 

[00441 	Referring next to figures 6A-6B, therein is depicted a downhole circulating 

15 valve embodying principles of the present invention in its circulating configuration and its 

non-circulating configuration, respectively, that is generally designated 500. 	Circulating 

valve 500 has a generally tubular outer housing 502 including, in the illustrated embodiment, 

an upper housing section 504 and a lower housing section 506 that are threadably coupled 

together. Housing 502 is suitably adapted to be coupled to other downhole tools or tubulars 

20 to form a tubing string as described above. 	Housing 502 defines a generally axially 

extending internal passageway 508. 	Lower housing section 506 includes a generally 

longitudinally extending circulating passageway 510 that is formed through a portion of 

lower housing section 506. 	In the illustrated embodiment, circulating passageway 510 is a 

generally cylindrically shaped passageway extending between an upper opening 512 and an 

25 exterior port 514. In addition, lower housing section 506 includes a plurality of interior ports 

516 that provide fluid communication between internal passageway 508 and circulating 

passageway 510. Together, exterior port 514, interior ports 516 and circulating passageway 

510 form a fluid flow path 520 between internal passageway 508 and an annulus 518 

surrounding housing 502. 	Circulating valve 500 may include an optional removable barrier 

30 522 positioned within fluid flow path 520 to initially prevent fluid flow between exterior port 

514 and interior ports 516. 

[0045] 	In the illustrated embodiment, upper housing section 504 includes a cylindrical 

passageway 524 that is in fluid communication with internal passageway 508 via one or more 
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ports 526. 	A piston 528 is positioned within cylindrical passageway 524 and extends into 

circulating passageway 510. 	A seal plug 530 is positioned within circulating passageway 

510. 	Seal plug 530 includes a generally cylindrical plug shell 532 having a thin walled 

section including a plurality of annular grooves forming a plurality of annular lands referred 

5 to herein as seal rings as described above. Seal plug 530 also includes a generally cylindrical 

plug pin 536 that is operable to be slidably received in plug shell 532. 	Plug pin 536 is also 

slidably received about a plug sleeve 538 disposed within plug shell 532. 	Preferably, plug 

pin 536 has an interference fit with plug sleeve 538 or may be coupled thereto with a bonding 

agent to prevent premature setting of seal plug 530. Plug pin 536 may have a slight taper to 

10 aid in insertion of plug pin 536 into plug shell 532 and to enable expansion of the seal rings 

as plug pin 536 is inserted into plug shell 532, as described below. 

100461 	Circulating valve 500 may be operated responsive to a local pressure event 

within 	cylindrical 	passageway 	524 	initiated 	by 	a 	pressure 	signal. 	In 	the 	illustrated 

embodiment, a pressure sensor 542 is disposed within cylindrical passageway 524 and is 

15 operable to receive and interpret pressure signals sent from the surface. 	For example, by 

applying a predetermined number and sequence of fluid pressure fluctuations to internal 

passageway 508 via the tubing string from the surface, pressure sensor 542 receives the 

signal from the fluid in internal passageway 508 via fluid port 526. 	When pressure sensor 

542 receives the proper pressure signature, pressure sensor 542 sends a signal to logic module 

20 544 to begin the activation process. 	Even though the signal for initiating the setting of seal 

plug 530 has been described as a pressure signal received by a pressure sensor, those skilled 

in the art will understand the other types of signals both 	wireless and wired could 

alternatively be used including, but not limited to, acoustic signals, electromagnetic signals, 

hydraulic signals, electrical signals, optical signals and the like, such signals being received 

25 and interpreted by the corresponding type of receiver. 

[0047] 	Logic module 544 receives the activation signal from pressure sensor 542 and 

causes a current to be sent to ignition agent 546. 	Logic module 544 may include various 

controllers, processors, memory components, operating systems, instructions, communication 

protocols and the like. 	As should be understood by those skilled in the art, any of the 

30 functions described with reference to logic module 544 herein can be implemented using 

software, fitinware, hardware, including fixed logic circuitry or a combination of these 

implementations. 	As such, the term logic module as used herein generally represents 

software, hardware or a combination of software and hardware. For example, in the case of a 
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software implementation, the term logic module represents program code and/or declarative 

content, e.g., markup language content that performs specified tasks when executed on a 

processing device or devices such as one or more processors or CPUs. The program code can 

be stored in one or more computer readable memory devices. 	More generally, the 

5 functionality of the illustrated logic module may be implemented as distinct units in separate 

physical grouping or can correspond to a conceptual allocation of different tasks performed 

by a single software program andlor hardware unit. 

[0048] 	Batteries (not pictured) may be used to power the electronic devices such as 

pressure sensor 542 and logic module 544. In addition, the batteries may be used to provide 

10 suitable current to initiate the combustion of combustible element 548. The batteries may be 

of any suitable type such as alkaline batteries that provide sufficient power and current and 

are capable of withstanding the temperature in the well environment. 

[0049] 	In the illustrated embodiment, ignition agent 546 may be a metal burning fuse 

such as a magnesium fuse which is activated by the electrical current supplied from the 

15 batteries in response to the activation signal. 	Metal fuses are preferred as metals burn 

without releasing cooling gases and can bum at extremely high temperatures. 	Magnesium 

fuses are most preferred as due to the reactive nature of magnesium and temperature at which 

magnesium burn which is sufficiently high to ignite combustible agent 548. 	Alternatively, a 

nichrome wire such as a NiCr60 wire, may be used to directly ignite combustible agent 548. 

20 As another alternative, a nichrome wire may be used in an ignition train to ignite a metal 

burning fuse which in turn ignites combustible agent 548. 	In this case, both the nichrome 

wire and the metal burning fuse may be considered to be an ignition agent. 

[0050] 	Combustible agent 548 may be a propellant or other substance or mixture that 

has the capacity for extremely rapid but controlled combustion that produces a combustion 

25 event including the production of a large volume of gas at high temperature and pressure. 

30 

Combustible agent 548 is preferably a solid but may be a liquid or combination thereof. 	In 

an exemplary embodiment, combustible agent 548 comprises a solid propellant such as 

nitrocellulose 	plasticized 	with 	nitroglycerin 	or 	various 	phthalates 	and 	inorganic 	salts 

suspended in a plastic or synthetic rubber and containing a finely divided metal. Moreover, 

in this exemplary embodiment, combustible agent 548 may comprise inorganic oxidizers 

such as ammonium and potassium nitrates and perchlorates. 	Most preferably, potassium 

perchlorate is employed. 	It should be appreciated, however, that substances other than 

propellants may be utilized as combustible agent 548 including, but not limited to, a 
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composition of a metal powder and a metal oxide that produces an exothermic chemical 

reaction. 

[0051] 	In operation, after circulating valve 500 has been run downhole as part of a 

tubing string and it is desired to circulate fluid between internal passageway 508 and annulus 

5 518, removable barrier 522, if present, may be actuated. 	Thereafter, a fluid may be pumped 

from the earth's surface down through the tubing string into internal passageway 508, 

through fluid flow path 520 and into annulus 518 for return to the surface. When it is desired 

to operate circulating valve 500 from the circulating configuration (figure 6A) to the non-

circulating configuration (figure 6B), the pressure signal may be sent from the surface and 

10 received by pressure sensor 542. Pressure sensor 542 then sends an activation signal to logic 

module 544. 	After processing the activation signal, logic module 544 causes a current to be 

sent to ignition agent 546 which in turn cause ignition of combustible agent 548. 	The 

combustion of combustible agent 548 produces a large volume of gas which pressurizes 

cylindrical 

	

	 524. As one skilled in the art will also appreciate, the combustion of passageway 

15 combustible agent 548 is an exothermic oxidation reaction that yields large volumes of 

gaseous end products of oxides at high pressure and temperature. In particular, the volume of 

oxides created by the combustion of combustible agent 548 within cylindrical passageway 

524 provides the force required to actuate piston 528. Specifically, the force shifts piston 528 

downwardly which drives seal plug 530 through circulating passageway 510 until plug shell 

20 532 contacts annular shoulder 540 of circulating passageway 510 such that seal plug 530 is in 

between 	 514 	interior 	516 in fluid flow 	520. 	Further a position 	exterior port 	and 	ports 	 path 

downward movement of piston 528 shifts plug pin 536 down plug sleeve 538 and into plug 

shell 532 which causes the expansion of the seal rings forming a plurality of metal-to-metal 

seals with circulating passageway 510, thereby preventing fluid flow through fluid flow path 

25 520. 

[0052] 	While 	this 	invention 	has 	been 	described 	with 	reference 	to 	illustrative 

embodiments, this description is not intended to be construed in a limiting sense. 	Various 

modifications 	and 	combinations 	of 	the 	illustrative 	embodiments 	as 	well 	as 	other 

embodiments of the invention will be apparent to persons skilled in the art upon reference to 

30 the description. 	It is, therefore, intended that the appended claims encompass any such 

modifications or embodiments. 
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CLAIMS 

1. A downhole circulating valve comprising: 

a generally tubular outer housing 	comprising an internal passageway, at least one 

circulating passageway formed through at least a portion of the housing, at least one exterior 

port in fluid communication with the circulating passageway and at least one interior port in 

fluid communication with the circulating passageway and the internal passageway; and 

at least one seal plug disposed within the circulating passageway, the seal plug 

comprising a plug shell having at least a seal ring and a plug pin operable to be received 

within the plug shell to expand the seal ring, the seal plug being actuable between a first 

position , in which the seal plug is remote from the 	interior and the exterior ports so that 

fluid 	is allowed between the 	interior and the exterior ports through 	the circulating 

passageway, and a second position , in which the seal plug is positioned between the interior 

and the exterior ports and the plug pin is received within the plug shell so that the seal ring is 

expanded to form a metal-to-metal seal with the circulating passageway, thereby preventing 

fluid flow between the interior and the exterior ports. 

2. The downhole circulating valve as recited in claim 1 further comprising a 

piston at least partially disposed within the circulating passageway and operably associated 

with the seal plug, wherein longitudinal shifting of the piston in a first direction operates the 

seal plug from the first position to the second position. 

3. The downhole circulating valve as recited in claim I wherein the seal plug 

further comprises a plurality of seal rings each forming a metal-to-metal seal with the 

circulating passageway when the seal plug is in the second position. 
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4. The downhole circulating valve as recited in claim 1 wherein the seat plug 

forms multiple metal-to-metal seals with the circulating passageway when the seal plug is in 

the second position. 

5. The downhole circulating valve as recited in claim 	1 	further comprising 

multiple seal plugs disposed within the circulating passageway wherein each of the seal plugs 

forms at least one metal-to-metal seat with the circulating passageway when the seal plugs 

are positioned between the exterior port and the interior port. 

6. The downhole circulating valve as recited in claim 1 	further comprising 

multiple seal plugs disposed within the circulating passageway wherein each of the seal plugs 

forms multiple metal-to-metal seals with the circulating passageway when the seal plugs are 

positioned between the exterior port and the interior port. 

7. The downhole circulating valve as recited in claim 1 further comprising a 

removable barrier disposed within a fluid flow path between the exterior port and the interior 

port to initially prevent fluid flow between the exterior port and the interior port. 

8. A downhole circulating valve comprising: 

a generally tubular outer housing 	comprising 	an internal passageway, at least one 

circulating passageway formed through at least a portion of the housing, at least one exterior 

port and at least one interior port, the exterior port, the interior port, and at least a potion of 

the circulating passageway forming a fluid flow path through the housing; 

at least one seal plug disposed within the circulating passageway, the seal plug 

comprising a plug shell having at least one seal ring and a plug pin operable to be received 

between 	first within the plug shell to expand the seal ring, the seal plug being actuable 	a 

position, in which the seal plug is remote from the 
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interior and the exterior ports so that fluid flow is allowed through the fluid flow path, and a 

second position , in which the seal plug is positioned between the 	interior and the exterior 

ports and 	the plug pin is received within the plug shell so that the seal ring is expanded to 

form at least one metal-to-metal seal with the circulating passageway, thereby preventing 

fluid flow through the fluid flow path. 

9. The downhole circulating valve as recited in claim 8 wherein the seal plug 

forms multiple metal-to-metal seals with the circulating passageway when the seal plug is in 

the second position. 

10. The downhole circulating valve as recited in claim 8 further comprising 

multiple seal plugs disposed within the circulating passageway wherein each of the seal plugs 

forms at least one metal-to-metal seal with the circulating passageway when the seal plugs 

are positioned between the exterior port and the interior port. 

11. The downhole circulating valve as recited in claim 8 further comprising 

multiple seal plugs disposed within the circulating passageway wherein each of the seal plugs 

forms multiple metal-to-metal seals with the circulating passageway when the seal plugs are 

positioned between the exterior port and the interior port. 

12. The downhole circulating valve as recited in claim 8 wherein the removable 

barrier further comprises a rupture disk. 
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13. A method for operating a downhole circulating valve, the method comprising: 

providing a circulating valve, the circulating valve comprising: 

a generally tubular outer housing comprising an internal passageway, 

at least one circulating passageway fonned through at least a portion of the 

housing, at least one exterior port in fluid communication with the circulating 

passageway, and at least one interior port in fluid communication with the 

circulating passageway and the internal passageway; and 

at least one seal plug disposed within the circulating passageway, the 

seal plug comprising a plug shell having at least one seal ring and a plug pin 

operable to be received within the plug shell to expand the seal ring; 

running the circulating valve into a wellbore on a tubular string; 

shifting the seal plug from a first position , in which the seal plug is remote from the 

interior and the exterior ports 	so that fluid flow is allowed between the 	interior and the 

exterior ports through the circulating passageway, to a second position 	in which the seal 

plug is positioned between the interior and the exterior ports; and 

receiving the plug pin within the plug shell so that the seal ring is expanded to 	form 

at least one metal-to-metal seal 	with the circulating passageway, thereby preventing fluid 

flow between the interior and the exterior ports. 

14. The method as recited in claim 13 further comprising initially preventing fluid 

flow between the exterior port and the interior port with a removable barrier. 

15. The method as recited in claim 13 further comprising initially preventing fluid 

flow between the exterior port and the interior port with a rupture disk and increasing a 

pressure signal acting on the rupture disk to burst the rupture disk and allow fluid flow 

between the exterior port and the interior port. 
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16. The method as recited in claim 13 wherein receiving the plug pin within the 

plug shell so that the seal ring is expanded to form at least one metal-to-metal seal 	with the 

circulating passageway 	further comprises forming multiple metal-to-metal seals 	with the 

circulating passageway. 

17. The method as recited in claim 13 wherein shifting the seal plug from the first 

position to the second position further comprises shifting multiple seal plugs; and 

wherein receiving the plug pin within the plug shell so that the seal ring is expanded 

to fowl at least one metal-to-metal seal 	with the circulating passageway 	further comprises 

forming at least one metal-to-metal seal with each of the seal plugs and the circulating 

passageway. 

18. The method as recited in claim 13 wherein shifting the seal plug from the first 

position to the second position further comprises shifting multiple seal plugs; and 

wherein receiving the plug pin within the plug shell so that the seal ring is expanded 

to form at least one metal-to-metal seal with the circulating passageway further comprises 

foi 	wing 	multiple 	metal-to-metal 	seals 	between 	each 	seal 	plug 	and 	the 	circulating 

passageway. 
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