
Systems and Methods for Controlling Fluid Flow in a Wellbore using a Switchable 

Downhole Crossover Tool 

Context 

100011 	This section is intended to provide relevant contextual information to facilitate a 

better understanding of the various aspects of the described embodiments. Accordingly, it 

should be understood that these statements are to be read in this light and not as admissions 

of prior art. 

[0002] 	In oil field recovery operations, a casing, in the form of a steel pipe, or the like, is 

often placed in an oil and gas well to stabilize the well bore. In these installations, a cement 

sheath is formed in the annulus between the casing and the wall of the wellbore to support the 

casing, to prevent migration of fluids in the annulus, and to protect the casing from corrosive 

formation fluids. 

[0003] 	Cementing of a casing string is often accomplished by pumping a cement slurry 

down the inside of a tubing or a casing, and then back up the annular space around the casing. 

In this way, a cement slurry may be introduced into the annular space of the casing (e.g. the 

annular space between the casing to be cemented and the open hole or outer casing to which 

the casing is to be cemented). This circulation direction is often referred to as a conventional 

circulation direction. 

[0004] 	Though conventional circulation methods are the methods most commonly used for 

pumping cement compositions into well bores, these methods may be problematic in certain 

circumstances. For instance, a well bore may comprise one or more weak formations therein 

that may be unable to withstand the pressure commonly associated with conventional 

circulation cementing operations. The formation may breakdown under the hydrostatic 

pressure applied by the cement, thereby causing the cement to be lost into the subterranean 

formation. This may cause the undesirable loss of large amounts of cement into the 

subterranean formation. The loss of cement into the formation is undesirable, among other 

things, because of the expense associated with the cement lost into the formation. Likewise, 

high delivery pressures can cause the undesirable effect of inadvertently "floating" the casing 

string. That is, exposing the bottom hole of the well bore to high delivery pressures can, in 

some cases, cause the casing string to "float" upward. Moreover, the equivalent circulating 

density of the cement may be high, which may lead to problems, especially in formations 

with known weak or lost circulation zones. 



[0005] 	Another method of cementing casing, sometimes referred to as reverse circulation 

cementing, involves introducing the cement slurry into the annular space rather than 

introducing the cement slurry down the casing string itself. In particular, reverse circulation 

cementing avoids the higher pressures necessary to lift the cement slurry up the annulus. 

Other disadvantages of having to pump the cement slurry all the way down the casing string 

and then up the annulus are that it requires a much longer duration of time than reverse 

circulation cementing. This increased job time is disadvantageous because of the additional 

costs associated with a longer duration cementing job. Moreover, the additional time required 

often necessitates a longer set delay time, which may require additional cement retarders or 

other chemicals to be added to the cement slurry. 

[0006] 	A crossover tools enables reverse circulation from an internal flow path of a tool 

string into the annulus area to be cemented. With a crossover tool, the reverse circulation can 

be applied at any point along the wellbore, for example cementing a liner hanger and its liner 

in the wellbore. However, crossover tools cannot switch the flow path back to a conventional 

circulation direction. 

Description of the Drawings 

[0007] 	For a detailed description of the embodiments, reference will now be made to the 

accompanying drawings in which: 

[0008] 	FIG. 1 shows an elevation view of a well system undergoing reverse circulation 

using a crossover tool, according to one or more embodiments; 

[0009] 	FIG. 2 shows an elevation view of the well system undergoing conventional 

circulation using the crossover tool, according to one or more embodiments; 

[0010] 	FIG. 3 shows a cross-section view of a crossover tool deployed in a casing string, 

according to one or more embodiments; 

[0011] 	FIG. 4 shows a cross-section view of a tool body included in the crossover tool of 

FIG. 3, according to one or more embodiments; 

[0012] 	FIG. 5A shows an axonometric view of a valve included in the crossover tool of 

FIG. 3, according to one or more embodiments; 

[0013] 	FIG. 5B shows a cross-section view of the valve of FIG. 5A, according to one or 

more embodiments; 
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[0014] 	FIGS. 6A and B show axonometric views of a sleeve included in the crossover tool 

of FIG. 3, according to one or more embodiments; 

[0015] 	FIG. 7 shows a cross-section view of the sleeve of FIGS. 6A and B, according to 

one or more embodiments; 

[0016] 	FIG. 8 shows a cross-section view of the crossover tool of FIG. 3 operating in a 

reverse circulation mode, according to one or more embodiments; 

[0017] 	FIGS. 9-11 show cross-section view of the crossover tool of FIG. 3 diverting fluid 

to set the packer assembly and deliver fluid in a reverse circulation path, in accordance with 

one or more embodiments; 

[0018] 	FIG. 12 shows an axonometric view of a piston used to divert fluid in a sleeve 

channel, in accordance with one or more embodiments; 

[0019] 	FIG. 13 shows an enlarged cross-section view of the crossover tool of FIG. 3 

operating in a reverse circulation mode, according to one or more embodiments; and 

[0020] 	FIGS. 14 and 15 show cross-section views of the crossover tool of FIG. 3 operating 

in a conventional circulation mode with the packer assembly set, according to one or more 

embodiments. 

Detailed Description 

[0021] The present disclosure provides a crossover tool for enabling reverse circulation in a 

well. The crossover tool is switchable between conventional circulation and reverse 

circulation as needed to accommodate different stages of a cementing operation, separating 

fluids in the well, or controlling fluid circulation in the well. 

[0022] FIG. 1 shows an elevation view of a well system 100 with a liner casing 132 

undergoing reverse circulation using a crossover tool 128, in accordance with one or more 

embodiments. As shown, the system 100 includes a rig 102 centered over a subterranean oil 

or gas formation 104 located below the earth's surface 106. A wellbore 108 extends through 

the various earth strata including formation 104. The rig 102 includes a work deck 118 that 

supports a derrick 120. The derrick 120 supports a hoisting apparatus 122 for raising and 

lowering pipe strings such as a tubing string 114. A pump 116 may be located on the work 

deck 118 and is capable of pumping a variety of fluids, such as cementing material, into the 

well, through the tubing string 114. The pump 116 may include a pressure gauge that 
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provides a reading of back pressure at the pump discharge. An upper casing string 110 is 

located in the wellbore 108 and held in place by cement 112. The upper casing string 110 

defines an upper annulus 124, which provides a return flow path for the cementing material 

as further described herein. 

[0023] A liner 132 is suspended within the wellbore 108 by the tubing string 114 and extends 

further downhole from the upper casing string 110. The liner 132 is coupled to a liner hanger 

130, which connects the liner 132 to the tubing string 114. Above the liner hanger 130 and 

coupled to the tubing string 114 is the crossover tool 128 to control the circulation of fluids 

downhole. The crossover tool 128 is configured to control the circulation of fluid in the 

wellbore 108. Specifically, the crossover tool 128 is switchable between enabling reverse 

circulation and enabling conventional circulation flow through the wellbore 108. 

100241 As shown, during a reverse cementing operation for cementing liner 132, a cementing 

material is pumped, via the pump 116 located at the surface 106, into the pipe 114. The 

cementing material travels downhole through the tubing string 114 into the crossover tool 

128. The cementing material is then directed out of the crossover tool 128 and continues 

downhole into a lower annulus 134 between the liner 132 and the wellbore 108 towards well 

bottom 126, thereby cementing the annulus 134. The fluid return path is uphole through the 

inside of the liner 132 into the crossover tool 128. The crossover tool 128 diverts the uphole 

flow into the upper annulus 124 to the surface 106. The upper annulus 124 is separated from 

the lower annulus 134 by the crossover tool 128. Thus, the crossover tool 128 can isolate a 

reverse circulation flow path downhole to cement the liner 132 and return the cementing 

material uphole in a conventional flow path through the annulus 124. 

[0025] The wellbore 108 may be filled with various fluids such as drilling fluid which may 

be displaced uphole through the upper annulus 124. Drilling fluid has a different density 

profile than cementing material. For example, the drilling fluid can have a lower density than 

cementing material. Drilling fluid may be any type of drilling fluid such as a water-based or 

oil-based drilling fluid. The cementing material used may be any suitable resin or hydraulic 

cementitious material including, for example only, those comprising calcium, aluminum, 

silicon, oxygen and/or sulfur which set and harden by reaction with water. Such hydraulic 

materials may include Portland cements, pozzolana cements, gypsum cements, high 

aluminum content cements, silica cements and high alkalinity cements. 
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[0026] The crossover tool 128 may also be used to separate fluids in the wellbore 108. For 

example, the crossover tool 128 may be used to replace the fluid in the lower annulus 134 

with a different fluid, such as a different drilling fluid, completion fluid, or treatment fluid. 

[0027] 	FIG. 2 shows a schematic view of the well system 100 operating in a conventional 

circulation mode as directed by the crossover tool 128, in accordance with one or more 

embodiments. As shown, downhole flow is delivered through the tubing string 114 and 

through the inside of the liner 132 towards well bottom 126. The flow path is directed uphole 

through the lower annulus 134 between the liner 132 and the wellbore 108. The flow path is 

diverted through the crossover tool 128 into the upper annulus 124 to the surface 106 as 

further described herein. The crossover tool 128 can be switched back and forth between the 

conventional circulation mode and the reverse circulation mode multiple times as needed. It 

should be appreciated that the crossover tool 128 may deliver fluid downhole under a reverse 

or conventional circulation flow path with any suitable fluid and is not limited to controlling 

the circulation of cementing material. The flow paths of the crossover tool 218 and other 

aspects of the crossover tool are described in further detail herein with respect to FIGS. 3-15. 

[0028] 	FIG. 3 shows a cross-section view of a crossover tool 328 coupled to a tubing string 

314 deployed in a casing string 310, according to one or more embodiments. As shown, the 

crossover tool 328 is suspended in the casing string 310 by the tubing string 314 and set to 

allow fluid to flow in a conventional circulation path. That is, fluid flows from the tubing 

string 314 through a crossover tool bore 342, down to the well bottom (e.g., the well bottom 

126 of FIG. 1), and returns to the surface via an annulus 323 as indicated by arrows A—D. It 

should be appreciated that the casing string 310 is exemplary and the crossover tool 328 may 

deployed in any suitable tubular, tubular string, wellbore, fluid conveyance device, or the like 

to control the circulation of fluid. 

[0029] 	The crossover tool 328 includes a tool body 340, a drag block assembly 360, a 

sleeve 370, and a packer assembly 380. A bore 342 runs through the tool body 340 and is in 

fluid communication with a tubing string bore 315 to provide a flow path through the 

crossover tool 328. A valve 344 intersects the bore 342 to control the flow of fluid through 

the crossover tool 328. As shown, the valve 344 is open allowing fluid to flow through the 

crossover tool 328 in a conventional circulation path. 

[0030] 	The sleeve 370 is housed in an annular cavity 346 formed in the tool body 340 and 

can move axially in the cavity 346 (e.g., along a y-axis 398) based on the drag block 
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assembly's 360 position with respect to collars 348A, 348B. As shown, the collars 348A, 

348B are separated along the longitudinal axis of the tool body 340. The distance separating 

the collars 348A, 348B defines in part the range of axial movement that can be applied to the 

sleeve 370 in the cavity 346. Additionally, with the valve 344 coupled to the sleeve 370 

through the tool body 340, the valve 344 can be actuated by the axial movement of tool body 

340 relative to the sleeve 370. 

[0031] 	The drag block assembly 360 is coupled to the sleeve 370 through the tool body 340 

and positioned between collars 348A, 348B. As the crossover tool 328 is run into the casing 

string 310, the drag block assembly 360 engages the casing string 310 to maintain 

engagement with the uppermost collar 348A, which in turn keeps the valve 344 in the open 

position as further described herein. 

[0032] 	The packer assembly 380 is coupled to the tool body 340 between collars 350A, 

350B. To set the packer assembly 380, fluid in the crossover tool 328 can be diverted from 

the bore 342 to the packer assembly 380 to expand or inflate the packer assembly 380, 

creating a fluid barrier in the annulus 323, and thus, defining an upper annulus and a lower 

annulus as described further herein. As shown, the packer assembly 380 is not set and allows 

fluid to flow through the annulus 323 in a conventional circulation path. In one or more 

embodiments, the packer assembly 380 can be kept in this unset mode while the crossover 

tool 328 is being deployed to a wellbore position where reverse cementing is needed to set a 

liner in the well. 

[0033] 	In the following discussion, reference may be made to various directions or axes, 

such as a y-axis or direction 398 and an x-axis or direction 399, as represented schematically 

on FIGS. 3, 8-11, 14 and 15. It should be appreciated that these axes are in relation to the 

orientation of the crossover tool 328 and not set axes. 

[0034] 	FIG. 4 shows a cross-section view of the tool body 340, according to one or more 

embodiments. As shown, the tool body 340 includes the annular cavity 346 wherein the 

sleeve 370 can move axially between the ends 347A, B of the cavity 346. Additionally, the 

tool body 340 includes ports 352 and channels 358 to provide fluid communication paths for 

reverse circulation or conventional circulation as further described herein. A cavity 354 is 

formed in the tool body 340 to hold the valve 344 (FIG. 3), allowing the valve 344 to rotate 

and control the flow of fluid through the crossover tool 328 as further described herein. Slots 
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356 are formed in the tool body 340 and provide openings to allow the tool body to axially 

move relative to the drag block assembly 360 as it engages the casing string 310 (FIG. 3). 

[0035] 	FIG. 5A shows an axonometric view of the valve 344, in accordance with one or 

more embodiments. As shown, the valve 344 includes a ball valve 345 with two pins 347 

extending radially outward from the ball valve 345. The ball valve includes a bore 349 to 

control the flow of fluid through the valve 344. The pins 347 extend through the tool body 

340 in the cavity 354 and are received in the sleeve 370 such that the axial movement of the 

sleeve 370 rotates the ball valve 345 to either a closed position or an open position. 

[0036] 	FIG. 5B shows a cross-section view of the valve 344, in accordance with one or 

more embodiments. As shown, the ball valve 344 can be rotated on the pins 347 by a quarter-

turn (e.g., 90°) to switch from the open position to the closed position or vice-versa. In one or 

more embodiments, the valve 344 can include any suitable device (e.g., a gate valve) to 

regulate the flow of fluid through the crossover tool 328 based on the rotational movement 

applied to the valve 344 from axial movement of the tool body 340 relative to the sleeve 370. 

[0037] 	FIGS. 6A and B show axonometric views of the sleeve 370 at different azimuthal 

orientations about the longitudinal axis of the sleeve 370, according to one or more 

embodiments. FIG. 6B shows the other side of the sleeve 370 relative to FIG. 6A such that 

the sleeve 370 in FIG. 6A is turned 180° about the longitudinal axis of the sleeve 370 to 

provide the side of the sleeve 370 depicted in FIG. 6B. As shown in FIGS. 6A and B, the 

sleeve 370 includes ports 372A—D and channels 374A—E to direct the flow of fluid through 

the crossover tool 328. The channels 374A—E are divided by walls 376, which define the 

channels 374A and C for delivering fluid in a first direction and the channels 374B, D, and E 

for delivering fluid in a second direction opposite the first as further described herein. It 

should be understood that the sleeve 370 can include any suitable number of channels 374A—

E to direct the flow of fluid through the crossover tool 328. 

[0038] 	As shown, the drag block assembly 360 is coupled to the sleeve 370 and includes 

spring-loaded buttons 362 (e.g., carbide buttons) azimuthally separated around the sleeve 

370. The drag block assembly 360 may include a mechanism with springs that apply an 

outward radial force to enable the buttons 362 to drag along the inner diameter of the casing 

string 310 (FIG. 3) and exert an axial force that allows the sleeve 370 of the crossover tool 

328 to be manipulated in an axial direction. The drag block assembly 360 engages the casing 

string 310 (FIG. 3) to create friction and resist axial movement as the tool body 340 is moved 
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within the casing string 310. The sleeve 370 also resists axial movement as the sleeve 370 is 

coupled to the drag block assembly 360. Thus, the sleeve 370 can be positioned in the annular 

cavity 346 from the axial movement of the tool body 340 as the drag block assembly 360 

engages the casing string 310 and resists the axial movement. 

[0039] 	FIG. 7 shows a cross-section view of the sleeve 370, according to one or more 

embodiments. As shown, the sleeve 370 is a tubular device with a slot 378 formed in a sleeve 

bore 375. The slot 378 receives one of the pins 347 on the valve 344 (FIG. 5A) to actuate the 

valve 344 as the sleeve 370 is positioned in the annular cavity 346 from the axial movement 

of the tool body 340. 

[0040] 	FIG. 8 shows a cross-section view of the crossover tool 328 with the valve 344 in a 

closed position diverting fluid, in accordance with one or more embodiments. As shown, the 

fluid is diverted into the channel 374A to expand the packer assembly 380 with the valve 344 

in the closed position. As the packer assembly 380 is expanded the packer assembly 380 

creates a fluid barrier in the annulus 323 as further described herein. The diverted flow path 

of the fluid is indicated by arrows A, B, and E. It should be appreciated that, with the 

channels 374A—E formed as open cavities on the sleeve 370, the tool body 340 and sleeve 

370 cooperate to define flow paths through the crossover tool 328. 

[0041] 	The valve 344 can be actuated into the open or closed position depending on the 

position of the sleeve 370 in the annular cavity 346, which can be controlled by the axial 

movement of the tool body 340 relative to the sleeve 370. For example, the crossover tool 

328 may be deployed in the casing string 310 as illustrated in FIG. 3. If the tool body 340 is 

moved in an upward direction along the y-axis 398 towards the surface, the sleeve 370 resists 

this axial movement and is repositioned in the annular cavity 346 to engage the annular 

cavity end 347B as shown in FIG. 8. The valve 344 travels with the tool body 340 and is 

actuated to a closed position as one of the pins 347 engages the slot 378. To reopen the valve 

344, the tool body 340 is lowered until the sleeve 370 engages the opposite annular cavity 

end 347A. Thus, with the drag block assembly 360 engaged with the casing string 310, the 

direction of axial movement applied to the tool body 340 controls a rotational movement 

applied to the valve 344 to actuate the valve 344 in a closed or open position. 

[0042] 	FIGS. 9-11 show cross-section views of the crossover tool 328 diverting fluid to set 

the packer assembly 380 and deliver the fluid in a reverse circulation path, in accordance with 

one or more embodiments. As shown in FIG. 9, with the valve 344 closed, pressure increases 
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in the tool bore 342 and diverts fluid above the valve 344 into the channel 374A through 

ports 352A, 372A as indicated by arrow E. A piston 390 resides in the channel 374A and can 

operate as a pressure-controlled valve to direct fluid in the channel 374A. For example, the 

position of the piston 390 in the channel 374A controls if fluid flows into either the packer 

assembly 380 or the annulus 323. It should be appreciated that a similar piston can reside in 

channel 374C as fluid is diverted into that channel with the valve 344 closed. 

[0043] 	In FIG. 9, the piston 390 is positioned in the channel 374A to divert the fluid 

through a port 395 to the packer assembly 380 and expand or inflate a bladder 382 on the 

packer assembly 380 as indicated by arrow F. The fluid is diverted into a port 341 in fluid 

communication with the packer assembly 380 through the sleeve 370 and tool body 340. A 

rupture disk 343 may be positioned inside the port 341 to communicate fluid to the packer 

assembly 380 once a threshold pressure is reached in the channel 374A. For example, the 

rupture disk 343 can be included to prevent premature expansion of the packer assembly 380 

while the crossover tool 328 is being run into the casing string 310. The packer assembly 380 

can be releasably coupled to the tool body 340 by a shear pin 384 to maintain alignment and 

fluid communication between the port 341 and the packer assembly 380. 

[0044] 	As shown in FIG. 10, the bladder 382 is expanded radially outward relative to the 

tool body 340 and engages the casing string 310. With the bladder 382 expanded, the packer 

assembly 380 creates a fluid barrier in the casing string 310 to resist fluid communication 

between an upper annuls 324 and a lower annulus 334. 

100451 	With the packer assembly 380 set, the crossover tool 328 can control the circulation 

of fluid in the wellbore. As fluid continues to be delivered from the tubing string 314 (FIG. 3) 

as indicated by arrows E and G, pressure begins to build in the channel 374A, which can 

move the piston 390 to provide a flow path for reverse circulation. Additionally, or 

optionally, a shear pin 373 is coupled to the piston 390 and channel 374A to allow the piston 

390 to move once a threshold pressure is reached in the channel 374A. 

[0046] 	In FIG. 11, the pressure in the channel 374A reached the threshold pressure to 

disable or shear the shear pin 373 attached to the piston, causing the piston 390 to move 

downward (e.g., along the y-axis 398) and allow fluid to flow through a port 352B into the 

lower annulus 334 as indicated by arrows E and H. Additionally, or optionally, the piston 390 

serves as a fluid barrier between the channel 374A and the packer assembly 380, such as 

resisting fluid communication through the port 341, thus, sealing the packer assembly 380 
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and preventing it from deflating or contracting. This ensures the packer assembly 380 

remains engaged with the casing string 310 to allow the crossover tool 328 to control the 

fluid circulation in the wellbore. In one or more embodiments, the piston 390 can include saw 

teeth 391 that engage with other saw teeth 371 in the channel 374A to secure the piston 390 

in place. Additionally, or optionally, the piston 390 can include any suitable fastening device 

to secure the piston 390 in place in the channel 374A once the piston 390 is axially displaced 

as shown in FIG. 11. 

[0047] 	FIG. 12 shows an axonometric view of the piston 390 used to divert fluid in the 

sleeve channels 374A and C, in accordance with one or more embodiments. The piston 390 

includes an interior wall 393A and an exterior wall 393B joined by an internal wall 393C to 

catch and direct fluid as the fluid flows through a sleeve channel (e.g., the channels 374A and 

374C). On the exterior wall 393B, a port 395 is positioned to direct fluid flow through the 

piston 390, for example into either the packer assembly 380 or the lower annulus 334. It 

should be appreciated that the port 395 can be in fluid communication with either the packer 

assembly 380 or the lower annulus 334 depending on the piston's 390 position in the channel 

374A. The saw teeth 391 or any other suitable fastening device can be included to secure the 

piston in place inside the crossover tool 328 once the piston 390 is axially displaced in the 

sleeve channel. It should be appreciated that the crossover tool 328 can include any number 

of suitable pistons depending on the number of channels used to divert fluid into a lower 

annulus. 

[0048] 	FIG. 13 shows an enlarged cross-section view of the crossover tool 328 directing 

fluid in a reverse circulation flow path and returning the fluid in a conventional flow path, in 

accordance with one or more embodiments. As shown, the fluid flows through the crossover 

tool bore 342 and is diverted (as indicated by arrow E) by the valve 344 set in a closed 

position by the sleeve's 370 position in the annular cavity 346. With the packer assembly 380 

set and the piston 390 positioned to be in fluid communication with the port 352B, the fluid 

flows through the channel 374A into the lower annulus 334 as indicated by arrow H. As the 

fluid reaches the bottom of the well (e.g., the well bottom 126 of FIG. 1), the fluid returns to 

the crossover tool bore 342 through the liner casing bore (not shown). The fluid flowing 

through the crossover tool bore 342 below the valve 344 is diverted (as indicated by arrow I) 

by the valve 344 into the channel 374B in the sleeve 370 through ports 352C, 372B. The fluid 

flows through the channel 374B into the upper annulus 324 through ports 352D and the 

channel 358A (as indicated by arrow J) to be delivered to the surface in a conventional 
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circulation flow path. Thus, the packer assembly 380 isolates the reverse circulation flow 

path produced in the lower annulus 334 from the conventional circulation flow path produced 

in the upper annulus 324. It should be appreciated that FIGS. 9-11, and 13 are cross-section 

views and that the crossover over tool 328 can include any suitable number of channels to 

produce the reverse circulation flow path in the lower annulus 334 and the conventional 

circulation flow path in the upper annulus 324. 

[0049] 	FIG. 14 shows a cross-section view of the crossover tool 328 operating in a 

conventional circulation mode after switching from a reverse circulation mode as illustrated 

in FIG. 13, in accordance with one or more embodiments. As shown, with the packer 

assembly 380 set, the crossover tool 328 provides an alternative flow path to bypass the 

packer assembly 380 and deliver fluid in a conventional circulation flow path. The crossover 

tool 328 is moved in a downward direction relative to the y-axis 398 to position the sleeve 

370 in the annular cavity 346 and open the valve 344. The drag block assembly 360 engages 

the collar 348A to return the valve 344 in the open position. 

[0050] 	As shown, the packer assembly 380 engages the collar 350A. As the packer 

assembly 380 engages the casing string 310, the packer assembly 380 resists axial movement 

and allows the tool body 340 to slide between the collars 350A and 350B as the tool body 

340 is displaced in the casing string 310. Thus, the packer assembly 380 can remain 

stationary relative to the tool body 340 as the tool body 340 is moved in a downward 

direction (e.g., along the y-axis 398), while maintaining the fluid barrier between the upper 

and lower annuluses 324, 334. 

[0051] 	As fluid is delivered to the bottom of the wellbore (e.g., the well bottom 126 of FIG. 

2) through the liner bore (e.g., the liner casing 132 of FIG. 2), the fluid returns to the surface 

through the lower annulus 334. However, with the packer assembly 380 set, a fluid barrier 

remains between the upper annulus 324 and the lower annulus 334. Pressure builds in the 

lower annulus 334 such that fluid is diverted into the crossover tool 328 (as indicated by 

arrow K) and delivered into the upper annulus 324 as indicated by arrow L. Thus, the 

crossover tool 328 provides a flow path that bypasses the packer assembly 380 to deliver 

fluid in a conventional circulation flow path. 

[0052] 	FIG. 15 shows an enlarged cross-section view of the crossover tool 328 set in a 

conventional circulation mode after switching from a reverse circulation mode as illustrated 

in FIG. 13, in accordance with one or more embodiments. As shown, the sleeve 370 is 
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positioned so that the crossover tool 328 is in fluid communication with the lower annulus 

334 and upper annulus 324 via ports 352E and 352D and channels 374E and 358A. As 

pressure builds in the lower annulus 334 from the fluid barrier created by the packer 

assembly 380, fluid flows into the channel 374E through port 352E. The channel 374E is in 

fluid communication with the upper annulus 324 via the port 352D and channel 358A, and 

thus, the fluid is directed to the upper annulus 324 through the channel 358A. With the sleeve 

370 in the position shown in the annular cavity 346, the crossover tool 328 delivers the return 

fluid in a conventional circulation path as indicated by arrows K and L. It should be 

appreciated that the crossover tool 328 may include additional or alternative channels to 

switch to a conventional circulation flow path once the packer assembly 380 is set. 

[0053] 	As described herein with respect to FIGS. 3-15, it should be appreciated that the 

crossover tool 328 provides a mechanism to switch between reverse circulation and 

conventional circulation flow paths once the packer assembly 380 is set. That is, the 

crossover tool 328 can continue to switch between reverse circulation and conventional flow 

paths as many times is necessary once the packer assembly 380 is set. 

[0054] 	In addition to the embodiments described above, many examples of specific 

combinations are within the scope of the disclosure, some of which are detailed below: 

Example 1: A system for controlling fluid circulation in a wellbore intersecting a 

subterranean earth formation, comprising: 

a tubing string locatable in the wellbore such that an annulus is formed between the 

tubing string and the wellbore; and 

a crossover tool, comprising: 

a tool body comprising a bore in fluid communication with the tubing string 

and a valve in the bore; 

a sleeve located in the tool body configured to control the valve based on the 

axial position of the sleeve in the tool body; 

a drag block assembly coupled to the sleeve through the tool body and 

configured to engage the wellbore and resist axial movement of the 

sleeve relative to the tool body; and 

a packer assembly coupled to the tool body and configured to create a fluid 

barrier in the annulus, the barrier dividing the annulus into an upper 

annulus and a lower annulus. 
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Example 2: The system of example 1, wherein the valve includes a pin extending through the 

body and engaging a groove on the sleeve so as to rotate the valve when the body is axially 

moved relative to the sleeve. 

Example 3: The system of example 1, wherein the sleeve is located in an annular cavity 

formed in the tool body. 

Example 4: The system of example 1, wherein the crossover tool comprises channels 

configured to provide flow paths through the crossover tool. 

Example 5: The system of example 1, wherein the crossover tool further comprises a piston 

located between the sleeve and the tool body and comprising a port, wherein when the valve 

is closed, fluid is flowable through the port to expand the packer assembly and axially move 

the piston to allow fluid to flow into the lower annulus. 

Example 6: The system of example 5, wherein the crossover tool includes a rupture disk 

configured to block a fluid flow to expand the packer assembly until a threshold pressure is 

reached. 

Example 7: The system of example 4, wherein the channels comprise: 

a channel to divert the fluid in the internal bore above the valve, when the valve is 

closed, into the lower annulus; and 

another channel to divert the fluid in the internal bore below the valve, when the valve 

is closed, to the upper annulus. 

Example 8: The system of example 1, wherein the valve is configured to close from axial 

movement of the tool body relative to the sleeve in a first direction and open from axial 

movement of the tool body in a second direction opposite the first. 

Example 9: The system of example 1, wherein the tool body is axially moveable relative to 

the packer assembly when the barrier is created by the packer assembly. 

Example 10: The system of example 1, wherein the tubing string comprises a liner, and the 

crossover tool is configured to allow reverse cementing of the liner in the lower annulus. 
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Example 11: A method of controlling fluid circulation in a wellbore intersecting a 

subterranean earth formation, wherein a tubing string is located in the wellbore and comprises 

a bore such that an annulus is formed between the tubing string and the wellbore, comprising: 

delivering fluid through the tubing string bore; 

axially moving a body relative to a sleeve on the tubing string in a first direction to 

close a valve in the bore and divert the fluid above the valve into a channel in 

fluid communication with a packer assembly; 

expanding the packer assembly with the diverted fluid to create a fluid barrier in the 

annulus, the barrier dividing the annulus into an upper annulus and a lower 

annulus; 

moving a piston with the diverted fluid to allow the fluid to flow from the channel to 

the lower annulus; 

returning the fluid into the tubing string bore from the lower annulus; and 

diverting the fluid around the closed valve through another channel to allow the 

returned fluid to flow from the bore below the closed valve to the upper 

annulus. 

Example 12: The method of example 11, further comprising: 

axially moving the body relative to the sleeve in a second direction opposite to the 

first to open the valve in the bore; 

delivering the fluid into the lower annulus through a distal end of the bore; and 

bypassing the fluid in the lower annulus around the packer assembly to the upper 

annulus to circulate the fluid in a conventional circulation mode. 

Example 13: The method of example 12, further comprising: 

axially moving the body relative to the sleeve in the first direction to close the valve 

in the bore, such that the expanded packer allows the body to move relative to 

the packer; and 

diverting the fluid in the bore to the lower annulus to circulate the fluid in a reverse 

circulation mode. 

Example 14: The method of example 11, wherein expanding the packer comprises rupturing a 

rupture disk at a threshold pressure to allow the diverted fluid to expand the packer. 
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Example 15: The method of example 11, wherein the fluid includes at least one of a 

cementing fluid, a drilling fluid, a completion fluid, and a treatment fluid. 

Example 16: The method of example 11, further comprising cementing a portion of the 

tubing string in the wellbore with the diverted fluid in the lower annulus. 

Example 17: A crossover tool for controlling fluid circulation in a wellbore intersecting a 

subterranean earth formation, comprising: 

a tool body locatable in the wellbore comprising: 

a bore; and 

a valve in the bore; 

a sleeve located in the body configured to control the valve based on the axial position 

of the sleeve in the tool body; 

a drag block assembly coupled to the sleeve through the body and configured to 

engage the wellbore and resist axial movement of the sleeve relative to the 

tool body; and 

a packer assembly coupled to the tool body and configured to create a fluid barrier in 

the wellbore , the barrier dividing the wellbore into an upper annulus and a 

lower annulus. 

Example 18: The tool of example 17, wherein the valve includes a pin extending through the 

body and engaging a groove on the sleeve so as to rotate the valve when the body is axially 

moved relative to the sleeve. 

Example 19: The tool of example 17, further comprises a piston located between the sleeve 

and the tool body and comprising a port configured, wherein when the valve is closed, fluid is 

flowable to expand the packer assembly and axially move the piston to allow fluid to flow 

into the lower annulus. 

Example 20: The tool of example 17, wherein the valve is configured to close from axial 

movement of the tool body relative to the sleeve in a first direction and open from axial 

movement of the tool body in a second direction opposite the first. 

[0055] 	This discussion is directed to various embodiments. The drawing figures are not 

necessarily to scale. Certain features of the embodiments may be shown exaggerated in scale 

or in somewhat schematic form and some details of conventional elements may not be shown 
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in the interest of clarity and conciseness. Although one or more of these embodiments may be 

preferred, the embodiments disclosed should not be interpreted, or otherwise used, as limiting 

the scope of the disclosure, including the claims. It is to be fully recognized that the different 

teachings of the embodiments discussed may be employed separately or in any suitable 

combination to produce desired results. In addition, one skilled in the art will understand that 

the description has broad application, and the discussion of any embodiment is meant only to 

be exemplary of that embodiment, and not intended to suggest that the scope of the 

disclosure, including the claims, is limited to that embodiment. 

[0056] 	Certain terms are used throughout the description and claims to refer to particular 

features or components. As one skilled in the art will appreciate, different persons may refer 

to the same feature or component by different names. This document does not intend to 

distinguish between components or features that differ in name but not function, unless 

specifically stated. In the discussion and in the claims, the terms "including" and 

"comprising" are used in an open-ended fashion, and thus should be interpreted to mean 

"including, but not limited to... ." Also, the term "couple" or "couples" is intended to mean 

either an indirect or direct connection. In addition, the terms "axial" and "axially" generally 

mean along or parallel to a central axis (e.g., central axis of a body or a port), while the terms 

"radial" and "radially" generally mean perpendicular to the central axis. The use of "top," 

"bottom," "above," "below," and variations of these terms is made for convenience, but does 

not require any particular orientation of the components. 

[0057] 	Reference throughout this specification to "one embodiment," "an embodiment," or 

similar language means that a particular feature, structure, or characteristic described in 

connection with the embodiment may be included in at least one embodiment of the present 

disclosure. Thus, appearances of the phrases "in one embodiment," "in an embodiment," and 

similar language throughout this specification may, but do not necessarily, all refer to the 

same embodiment. 

[0058] 	Although the present disclosure has been described with respect to specific details, 

it is not intended that such details should be regarded as limitations on the scope of the 

disclosure, except to the extent that they are included in the accompanying claims. 
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Claims 

What is claimed is: 

1. A system for controlling fluid circulation in a wellbore intersecting a subterranean earth 

formation, comprising: 

a tubing string locatable in the wellbore such that an annulus is formed between the 

tubing string and the wellbore; and 

a crossover tool, comprising: 

a tool body comprising a bore in fluid communication with the tubing string 

and a valve in the bore; 

a sleeve located in the tool body configured to control the valve based on the 

axial position of the sleeve in the tool body; 

a drag block assembly coupled to the sleeve through the tool body and 

configured to engage the wellbore and resist axial movement of the 

sleeve relative to the tool body; and 

a packer assembly coupled to the tool body and configured to create a fluid 

barrier in the annulus, the barrier dividing the annulus into an upper 

annulus and a lower annulus. 

2. The system of claim 1, wherein the valve includes a pin extending through the body and 

engaging a groove on the sleeve so as to rotate the valve when the body is axially moved 

relative to the sleeve. 

3. The system of claim 1, wherein the sleeve is located in an annular cavity formed in the tool 

body. 

4. The system of claim 1, wherein the crossover tool comprises channels configured to 

provide flow paths through the crossover tool. 

5. The system of claim 1, wherein the crossover tool further comprises a piston located 

between the sleeve and the tool body and comprising a port, wherein when the valve is 

closed, fluid is flowable through the port to expand the packer assembly and axially move the 

piston to allow fluid to flow into the lower annulus. 

6. The system of claim 5, wherein the crossover tool includes a rupture disk configured to 

block a fluid flow to expand the packer assembly until a threshold pressure is reached. 
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7. The system of claim 4, wherein the channels comprise: 

a channel to divert the fluid in the internal bore above the valve, when the valve is 

closed, into the lower annulus; and 

another channel to divert the fluid in the internal bore below the valve, when the valve 

is closed, to the upper annulus. 

8. The system of claim 1, wherein the valve is configured to close from axial movement of 

the tool body relative to the sleeve in a first direction and open from axial movement of the 

tool body in a second direction opposite the first. 

9. The system of claim 1, wherein the tool body is axially moveable relative to the packer 

assembly when the barrier is created by the packer assembly. 

10. The system of claim 1, wherein the tubing string comprises a liner, and the crossover tool 

is configured to allow reverse cementing of the liner in the lower annulus. 

11. A method of controlling fluid circulation in a wellbore intersecting a subterranean earth 

formation, wherein a tubing string is located in the wellbore and comprises a bore such that 

an annulus is formed between the tubing string and the wellbore, comprising: 

delivering fluid through the tubing string bore; 

axially moving a body relative to a sleeve on the tubing string in a first direction to 

close a valve in the bore and divert the fluid above the valve into a channel in 

fluid communication with a packer assembly; 

expanding the packer assembly with the diverted fluid to create a fluid barrier in the 

annulus, the barrier dividing the annulus into an upper annulus and a lower 

annulus; 

moving a piston with the diverted fluid to allow the fluid to flow from the channel to 

the lower annulus; 

returning the fluid into the tubing string bore from the lower annulus; and 

diverting the fluid around the closed valve through another channel to allow the 

returned fluid to flow from the bore below the closed valve to the upper 

annulus. 
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12. The method of claim 11, further comprising: 

axially moving the body relative to the sleeve in a second direction opposite to the 

first to open the valve in the bore; 

delivering the fluid into the lower annulus through a distal end of the bore; and 

bypassing the fluid in the lower annulus around the packer assembly to the upper 

annulus to circulate the fluid in a conventional circulation mode. 

13. The method of claim 12, further comprising: 

axially moving the body relative to the sleeve in the first direction to close the valve 

in the bore, such that the expanded packer allows the body to move relative to 

the packer; and 

diverting the fluid in the bore to the lower annulus to circulate the fluid in a reverse 

circulation mode. 

14. The method of claim 11, wherein expanding the packer comprises rupturing a rupture 

disk at a threshold pressure to allow the diverted fluid to expand the packer. 

15. The method of claim 11, wherein the fluid includes at least one of a cementing fluid, a 

drilling fluid, a completion fluid, and a treatment fluid. 

16. The method of claim 11, further comprising cementing a portion of the tubing string in 

the wellbore with the diverted fluid in the lower annulus. 

17. A crossover tool for controlling fluid circulation in a wellbore intersecting a subterranean 

earth formation, comprising: 

a tool body locatable in the wellbore comprising: 

a bore; and 

a valve in the bore; 

a sleeve located in the body configured to control the valve based on the axial position 

of the sleeve in the tool body; 

a drag block assembly coupled to the sleeve through the body and configured to 

engage the wellbore and resist axial movement of the sleeve relative to the 

tool body; and 

a packer assembly coupled to the tool body and configured to create a fluid barrier in 

the wellbore , the barrier dividing the wellbore into an upper annulus and a 

lower annulus. 
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18. The tool of claim 17, wherein the valve includes a pin extending through the body and 

engaging a groove on the sleeve so as to rotate the valve when the body is axially moved 

relative to the sleeve. 

19. The tool of claim 17, further comprises a piston located between the sleeve and the tool 

body and comprising a port configured, wherein when the valve is closed, fluid is flowable to 

expand the packer assembly and axially move the piston to allow fluid to flow into the lower 

annulus. 

20. The tool of claim 17, wherein the valve is configured to close from axial movement of the 

tool body relative to the sleeve in a first direction and open from axial movement of the tool 

body in a second direction opposite the first. 
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