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ABSTRACT OF THE DISCLOSURE 
A well apparatus having a plurality of flow conductors 

extneding in a well and having means for releasably se 
curing well tools in the flow conductors at predetermined 
Spaced locations therein and a cross-over means for estab 
lishing fluid communication between the flow conductors 
to permit circulation of fluids down one flow conductor 
and up the other to treat internal surfaces of the flow con 
ductor and to move well tools up and down one or the 
other of the flow conductors to position and remove well 
tools from the flow conductors or operate well tools con 
nected in the flow conductors below the location of com 
munication of the two flow streams. A cross-over device 
connectable between a pair of flow conductors for estab 
lishing fluid flow communication between the flow con 
ductors by varying the pressure in one of the pair of flow 
conductors or in a third flow conductor. A method of op 
erating a Well installation having a plurality of parallel 
flow conductors extending into a well by establishing com 
munication between a pair of the flow conductors below 
the Surface to permit circulation of fluids from the surface 
down one of the flow conductors and then to the surface 
up the other of the flow conductors to operate, install or 
remove well tools in such flow conductors and to establish 
desired circulation between earth formations and the sur 
face. 

This invention relates to a well apparatus for controlling 
fluid flow between the surface and producing earth forma 
tion penetrated by the well, to a flow control device of the 
well apparatus, and to a method for operating a well hav 
ing a plurality of parallel flow conductors extending 
therein. 
An object of this invention is to provide a new and im 

proved appartus for producing well fluids from earth for 
mations penetrated by a well having a plurality of separate 
flow conductors extending through the well and having 
means in the well below the surface of the well for estab 
lishing communication between a pair of the flow conduc 
tors to permit circulation of fluids down one conductor 
and up the other to provide for treatment of the flow con 
ductors with fluids, to provide for reciprocable movement 
of well tools in the flow conductors and to provide for op 
eration of well tools connected in the flow conductors by 
Well tools movable through the flow conductors. 

Another object is to provide a well apparatus wherein 
the operation of the means for establishing communication 
between the flow conductors or cross-over device is re 
sponsive to the fluid pressure in one of the flow conductors 
which is controllable at the surface of the well. 

Still another object is to provide a well apparatus where 
in the flow conductors below the cross-over device are 
provided with means in which well tools, such as standing 
valves, safety valves, plugs and the like, are removably in 
stallable and wherein the well tools may be installed in 
and removed from the flow conductors by operator tools 
connectable to a transport train movable reciprocably in 
the flow conductors by the fluids circulated therein when 
the cross-over device is open. 
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A further object is to provide a well apparatus wherein 

one or more of the flow conductors are provided with 
valve means for controlling communication between the 
flow conductors and the well at locations below the cross 
over device which are movable between their open and 
closed positions by operator tools connectable to the trans 
port train movable in the flow conductor by fluids circu 
lated through a pair of flow conductors when the cross 
over device connected between the pair is open. 
A still further object is to provide a well apparatus 

wherein the valve means of the cross-over device is biased 
to closed position by the pressure in the well exteriorly of 
the flow conductors and is movable against the force of 
such exterior pressure by the fluid pressure in one of the 
flow conductors when it is raised to a predetermined 
value. 
A still further object is to provide a well apparatus of 

the type described whose cross-over device may be tested 
while in the well by control and test means located at the 
surface and without the necesity of moving tools into the 
well. 
An important object of the invention is to provide a 

new and improved cross-over device connectable between 
a pair of flow conductors for establishing communication 
therebetween. 

Another object is to provide a cross-over device having 
a cross passage which communicates at its opposite ends 
with the flow passages of the flow conductors to which the 
cross-over device is connected and having valve means for 
closing the cross passage which is biased towards closed 
position. 

Still another object is to provide a cross-over device 
wherein the valve means is biased toward its closed posi 
tion by pressure from exteriorly of the cross-over device 
and is movable to its open position by the force of the 
pressure in a flow conductor connected thereto when it is 
increased to a value sufficiently high that its force over 
comes the force biasing the valve means to its closed posi 
tion. 

Still another object is to provide a cross-over device 
wherein the pressures in the flow passages of the flow con 
ductors do not exert a force on the valve means tending 
to move it to its open position when it is in its closed posi 
tion and wherein the cross-over device has conduit means 
connecting it to a third flow conductor, the valve means 
being moved to its open position by the fluid pressure in 
such third flow conductor when it is raised to a predeter 
mined value. 
A further object is to provide a method of operating a 

well installation having a plurality of parallel flow conduc 
tors extending in a well by establishing communication 
between a pair of the flow conductors below the surface 
by varying the pressure in one of the flow conductors to 
open a cross-over means to permit circulation of fluids 
from the surface down one of the flow conductors and up 
ward flow of fluids to the surface through the other of the 
flow conductors. 
A still further object is to provide a method of operat 

ing a well installation which includes the step of operat 
ing well tools connected in such flow conductors by tools 
movable through the flow conductors by the circulation 
of fluids down one flow conductor above the tools posi 
tioned therein and up another flow conductor. 

Another object is to provide a method of operating a 
well installation which includes the step of installing or 
removing well tools in such well flow conductors below 
the location of communication between a pair of the flow 
conductors by transport tool means, to which the well 
tools are releasably connectable, movable reciprocably 
in a flow conductor by fluid flowing in such flow con 
ductor. 
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Still another object of the invention is to provide a 
method of operating a well installation having a Cross 
over device for establishing communication between a 
pair of flow conductors of the well installation which in 
cludes the step of testing the cross-over device to ascer 
tain whether in its closed condition it effectively prevents 
communication therethrough between the two flow con 
ductors by increasing the fluid pressure in one of the flow 
conductors while the flow conductors below the cross 
over device are closed and observing at the surface 
whether the pressure in the other flow conductor increases 
or fluid flow takes place therefrom if flow from the other 
flow conductor is regulated by a pressure regulator valve. 
An important object of the invention is to provide a 

well apparatus and a cross-over device for selectively 
establishing communication between the two flow con 
ductors of the well apparatus below the surface of the 
valve wherein the cross-over device may be tested to de 
termine whether it prevents communication between the 
two flow conductors when in its closed position by means 
operable at the surface of the Well, 

Still another object is to provide a cross-over device of 
the type described which is of such structure that the fluid 
test pressure in at least one of the flow conductors be 
tween which it is connectable when the valve means of 
the cross-over device is in closed position, either does not 
exert a force tending to move the valve means to open 
position, or, if such test pressure does exert a force tend 
ing to move the valve means to open position such force 
is of substantially smaller value than the force tending 
to hold the valvein its closed position whereby the cross: 
over device may be tested to determine whether fluid 
flow between the two flow conductors to which it is con 
nected through the cross-over device is effectively pre 
vented when the valve means is in closed position by 
introducing test fluid pressure into such one flow con 
ductor at the surface while the two flow conductors are 
closed below the cross-over device and observing at the 
surface if the pressure in the other fluid conductor in 
creases, as by means of a pressure gauge, O, if a pres 
sure regulator controls flow from the other flow conduc 
tor, determining if fluid flow is taking place from Such 
other flow conductor. 

Additional objects and advantages of the invention 
will be readily apparent from the reading of the fol 
lowing description of a device constructed in accordance 
with the invention, and reference to the accompanying 
drawings thereof, wherein: 
FIGURE 1 is a schematic, vertical partly sectional 

view, with some parts broken away, of a well installa 
tion embodying the invention by means of which the 
method of the invention may be practiced showing the 
cross-over means of the well apparatus in closed posi 
tion and well fluids being produced separately from two 
spaced producing earth formations through separate flow 
conductors; 
FIGURE 2 is a view similar to FIGURE 1 showing 

the cross-over means in closed position and a pump 
down transport train of tools carrying a pulling tool 
being moved downwardly in one of the flow conductors 
by fluid circulated downwardly in the one flow conductor 
and upwardly in the other; 
FIGURE 3 is a sectional view taken on line 3-3 of 

FIGURE 1; 
FIGURE 4 is a sectional view taken on line 4-4 of 

FIGURE 3; 
FIGURE 5 is a view similar to FIGURE 1 of a modi 

fied form of the well apparatus illustrated in FIGURES 
1 and 2; 
FIGURE 6 is a schematic, fragmentary sectional view 

of a well installation having a modified form of the cross 
over device; 
FIGURE 7 is a fragmentary vertical sectional view of 

a well installation having another form of the cross 
over device; 
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4 
RIGURE 8 is a fragmentary partly sectional view of 

a well apparatus having still another form of the cross 
over device; 
FIGURE 9 is a sectional view taken on line 9-9 of 

FIGURE 8; 
FIGURE 10 is a schematic, vertical partly sectional 

view, with some parts broken away, of a well apparatus 
having cross-over devices of the type illustrated in FIG 
URE 8; 
FIGURE 11 is a schematic vertical sectional view taken 

on line 11-11 of FIGURE 10; 
FIGURE 12 is a fragmentary vertical sectional view 

of another well installation having another modified form 
of the cross-over device; and 
FIGURE 13 is a fragmentary vertical sectional view 

of another well installation having still another modified 
form of the cross-over device. 

Referring now particularly to FIGURES 1 through 4 
of the drawings, the well apparatus 20 embodying the 
invention includes the usual well casing C which extends 
through the well and is provided with sets of perforations 
21 and 22 at the locations of the spaced producing earth 
formations A and B penetrated by the well bore through 
which the fluids from the formations A and B may flow 
into the casing and be conducted to the surface through 
the flow conductors 23 and 24, respectively. The well 
apparatus includes a lower packer 25 located in the 
casing between the two sets of perforations which closes 
the casing and seals between the casing and the second 
flow conductor 24 which conducts the fluids from the 
lower producing earth formation B. The first flow con 
ductor 23 which conducts the well fluids produced by 
the earth formation A opens to the casing above the 
lower packer 25 and below a dual packer 26 which 
closes the well casing above the upper set of perfora 
tions 2 and seals between the well casing and both con 
ductors. The packers or barriers may be of any suitable 
commercially available type which may be set either 
mechanically or hydraulically as is well known to those 
skilled in the art. The casing above the upper packer 26 
is usually filled at least partially with a liquid such as 
water or mud so that the pressure in the well casing 
above the packer 26 is normally higher than the pressures 
in the two flow conductors. 
The well installation includes a casing head 30 secured 

to the top end of the casing which closes the top end of 
the casing. The casing head has suitable apertures through 
which the upper ends of the two flow conductors extend 
and sealing means which seal between the casing head 
and the flow conductors so that fluids may flow into and 
out of the casing at the surface only through a flow con 
duit 32 in which are connected flow control devices, such 
as a pressure regulator valve 33 and a shut-off valve 34. 
The flow conduit may be connected to a source of fluid 
under pressure, such as a pump or a reservoir and the like 
so that the pressure in the casing above the upper packer 
may be increased, if desired, by introducing fluid under 
pressure into the casing through the conduit until the 
casing pressure reaches a predetermined value. The pres 
sure within the casing may be decreased to any prede 
termined value by opening the shut-off valve and setting 
the pressure regulator valve at a desired pressure so that 
the fluid under pressure in the upper end of the portion 
may flow from the casing until the casing pressure drops 
to the predetermined value. 
The first flow conductor has a surface control assem 

bly 40 connected to its upper end by means of which 
well tools may be moved into the flow conductor or be 
removed therefrom and by means of which fluids under 
pressure may be caused to flow from the flow conductor 
or be introduced into the flow conductor. The surface con 
trol assembly may include a bottom valve 4 of large 
orifice, an elongate tube or lubricator 42 and a top valve 
43 for closing the upper end of the tube. A flow conduit 
44 having suitable flow control devices connected therein, 
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such as a pressure regulator valve 45 and a shut-off valve 
46, opens to the tube below the top valve. It will be ap 
parent that when the top valve 43 is closed and the bottom 
valve 41 is open, fluids may flow from the flow conduc 
tor and through the flow conduit if the shut-off valve 
46 is open, the regulator valve 45 being set to permit 
flow of fluids from the flow conductor only as long as 
the pressure in the first flow conductor is above a pre 
determined value. Conversely, fluids under pressure may 
be introduced into the flow conductor to maintain the 
pressure therein at a predetermined value by connecting 
the conduit to a suitable source of fluid under pressure 
such as a pump and setting the pressure regulator valve 
45 to permit flow into the first flow conductor only when 
the pressure therein falls below a predetermined value. 
If it is desired to move a well tool or well tool assembly 
into the first flow conductor while maintaining a pre 
determined pressure within the first flow conductor, the 
valves 41 and 46 are closed, the valve 43 is opened and 
such well tool is inserted into the tube through the valve 
43. The valve 43 is then closed and the valve 41 is 
opened to permit downward movement of the well tool or 
assembly downwardly into the first flow conductor. If 
such tools are to be moved downwardly by fluid pres 
sure introduced into the flow conductor above such well 
tools, fluid under regulated pressure is then introduced 
into the tube 42 above such tool through the flow con 
duit 44. If such tools are to be moved downwardly by 
a wireline, a suitable stuffing box is secured above the 
valve 43 to seal about the wireline while the tool is 
being moved in the flow conductor and the lubricator by 
means of such line. A pressure gauge P may be con 
nected to the flow conduit and the valve 45. 
The second flow conductor has a similar surface con 

trol assembly 50 connected thereto which includes a 
lower valve 51, an elongate tube or lubricator 52, a top 
valve 53, and a flow conduit 54 in which are connected 
flow control devices, such as a pressure regulator valve 
55 and a shut-off valve 56. 
The first flow conductor 23 may be a usual string of 

tubing having one or more landing nipples, such as the 
landing nipples 61 and 62 connected therein to constitute 
sections thereof, the landing nipples are secured to ad 
jacent sections of the string of tubing by the usual 
coupling collars 63. The landing nipples may be of the 
type described in the patent to J. V. Fredd, No. 2,798,559 
issued July 9, 1957, each having key grooves 65 and a 
locking groove 66 in which are receivable the selector 
keys 67 and locking members or dogs 68 of the latch 
means L of well tools which are locatable in selected 
landing nipples and releasably latched thereby by the 
latch means. The latch means L is also of the type de 
scribed in the patent to J. V. Fredd, No. 2,798,559, 
issued July 9, 1957. The key grooves of each nipple are 
of different dimensions or are differently spaced than 
the key grooves of the other nipples connected in the 
flow conductor and the latch means L of the different 
well tools are provided with the selector keys of differ 
ent configurations so that each well tool may be located 
and locked in a predetermined landing nipple of the 
first flow conductor by means of the latch means as is 
fully described in the patent to J. V. Fredd. 
The well tools may be of any suitable desired type. 

In the well installation 20, the well tool 71 located in 
the bottom landing nipple 61 is a standing valve having a 
valve member or ball 73 biased toward a lower closed 
position in the body 72 by a spring 74 wherein it pre 
vents downward flow of fluids through the longitudinal 
passage 75 of the body. The standing valve has seal 
means 76 which seal between the valve body and the land 
ing nipple. It will be apparent that if the pressure in the 
casing between the packer is sufficiently greater than 
the pressure within the flow conductor above the stand 
ing valve, the ball is moved upwardly and well fluids 
may flow upwardly through the standing valve. If the 
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pressure in the first flow conductor above the standing 
valve is of such value that its force and the force of the 
spring exerted on the ball are greater than the force 
exerted on the ball by the pressure in the casing between 
the packers, the ball will be moved to closed position 
and thus prevents any downward flow of fluids through 
the flow conductor into the casing between the packers. 
The well tool 82 positioned in the top landing nipple 62 
is a safety valve, such as the Otis Type F Tubing Safety 
Valve illustrated and described on p. 3836 of the 1966-67 
edition of the Composite Catalogue of Oil Field Equip 
ment and Services, which has a valve member 83 that 
moves to a closed position to stop upward flow of fluids 
through the longitudinal passage 84 of the body 85 when 
the pressure differential across the valve exceeds a pre 
determined value, as for example, in the event of failure 
or damage to the surface well equipment which would 
otherwise result in unrestricted fluid flow through the 
first flow conductor. 
The second flow conductor similarly has one or more 

landing nipples, such as the landing nipples 91 and 92 
in which are positioned a standing valve 93 and a safety 
valve 94 which are identical to the standing valve 71 
and the safety valve 82, respectively. 
The valves are movable through the flow conductors 

and installable in predetermined landing nipples by a 
running tool of the type whose structure and mode of 
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operation as described in the patent to J. V. Fredd, No. 
2,798,559, and may be released from the nipples and 
removed from the flow conductors by a suitable pulling 
tool 96, such as the Otis Type R Pulling Tool illustrated 
and described on p. 3839 of the Composite Catalogue 
of Oil Field Equipment and Services, 1966-67 edition. 
The portion of the well installation 20 described thus 

far including the single packer 25, the dual packer 26, 
the valves, the flow conductors and the landing nipples 
connected therein, and the surface equipment of the 
well are well known to those skilled in the art and, ac 
cordingly, will not be described in greater detail herein. 

In order to permit installation and removal of the flow 
control devices in the landing nipple by means of a pump 
down train of tools 100 which may include piston units 
or locomotives 101 and 102, other suitable tools such as 
jars, not shown, and a tool. Such as the pulling tool 96 
at the bottom end of the train, it is necessary to pro 
vide a cross-over means or device 110 for selectively 
providing circulation of fluids between the two flow con 
ductors above the top landing nipples of the flow con 
ductors in order that the fluids in a flow conductor below 
a train of tools moving downwardly be permitted to flow 
to the surface through the other flow conductor and to 
permit fluid pumped into one flow conductor to flow into 
the other flow conductor below the locomotives of the 
train when the train is moved upwardly through such 
other flow conductor. During normal operation of the 
well apparatus, such cross-over means must prevent fluid 
flow between the two flow conductors to prevent com 
mingling of the well fluids produced from the two differ 
ent earth formations. 
The cross-over device 110 includes a body 111 connect 

ed in any suitable manner to the two flow conductors and 
having a transverse passage 112 which opens at its op 
posite ends to the interiors or longitudinal passages of 
the first and second flow conductors above the uppermost 
landing nipples thereof. The passage is closable by a 
valve member or gate 114 of substantially planar con 
figuration whose outer portions are slidably received in 
a recess 115 of the body which intersects the passage 112 
of the body. The gate has an upward extension or piston 
rod 116 which extends upwardly through a passage 118 
of the body into a piston chamber 119 thereof, and has 
at its upper end a piston 120. A seal means or ring 121 
of the piston seals between the piston and the surfaces 
of the body defining the piston chamber. 
The upward movement of the gate is limited by the 

engagement of its top end Surface 122 with the surface 
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123 defining the top end of the body recess 115. The 
gate has a passage 125 which, when the gate is in its 
lower closed position in the body, is located below the 
O-rings 127 and 128 disposed in circular recesses in the 
sides 129 and 130 of the body defining the sides of the 
recess 115 and which extend about the passage 12. The 
O-rings sealingly engage the side surfaces of the gate 
above its passage 125 to seal between the gate and the 
body when the gate is in its closed position. When the 
gate is in its upper open position illustrated in FIGURE 
2, its passage 125 is aligned with and in communication. 
with the body passage 112. 
The lower portion of the gate below its passage 125 is 

of slightly reduced width in order to permit fluids trapped 
in the body recess below the gate to flow upwardly past 
the O-rings as the valve member moves downwardly 
toward its closed position. The gate and its piston rod 
116 are also provided with a bypass 132 which opens to 
the body passage and to the piston cylinder below the 
piston through which any fluids trapped in the body re 
cess 115 after the side surfaces of the gate above its pas 
sage move into sealing engagement with the lower por 
tions of the O-rings may escape to the piston chamber 
and from there to the flow conductor through a passage 
135 of the body which opens to the piston chamber and 
to the body passage. 
The gate is biased downwardly toward its closed posi 

tion by the fluid pressure within the well casing above the 
upper packer 26 which is communicated to the piston 
chamber above the piston through a tube 138 secured to 
the body in any suitable manner and whose top end is 
open. The tube and the piston chamber above the piston 
are preferably filled with a filler liquid, such as oil or 
grease, and a seal means, such as a ball 139 of rubber or 
other resilient substance is disposed in the tube and to 
separate the filler liquid from the casing fluid and to pre 
vent sand, silt and the like from entering into the piston 
chamber. Such foreign substance could otherwise fall into 
the piston chamber and could prevent movement of the 
gate to its fully open position and also cause Wear of the 
internal seal surfaces of the body and of the piston ring. 
The piston is moved upwardly when the upward force of 
the pressure from the first flow conductor exerted on the 
piston communicated to the piston chamber 119 below 
the piston through the passage 135 exceeds the downward 
force exerted on the piston by the casing pressure. 

In normal operation, the pressure in the casing at the 
location of the cross-over device is greater than the pres 
sure in the flow conductors and the gate or valve member 
114 is in its lower closed position illustrated in FIGURE i. 
Well fluids from the top producing formation. A flow into 
the well casing through the perforations 21 between the 
two packers, upwardly through the first flow conductor 
and the valves installed therein and through the Surface 
control device or assembly 40 and its flow conduit 44, to 
a storage reservoir or flow line to which the well fluids 
from the top producing formation are to be delivered. 
The pressure regulator valve 45 may be set to maintain 
a predetermined pressure in the first flow conductor ?? 
be fully open, if desired. Simultaneously, Well fluids from 
the lower producing formation B flow into the caSing 
below the lower packer 25 through the perforations 22, 
flow upwardly through the second flow conductor and its 
valves to the surface through the flow conduit 54 of its 
surface control device or assembly 50 to a storage reser 
voir or flow line. The pressure regulator valve 55 may, of 
course, be set to maintain the pressure in the first flow 
conductor at a predetermined value or to be fully open. 
The safety valves 82 and 94 will function in the usual 
manner to close the passages of the flow conductors adja 
cent their lower ends in the event of any damage to any 
of the surface equipment or to the flow conductors above 
the safety valves creating a large pressure differential 
thereacross which would cause a rapid rate or velocity of 
flow of the well fluids through the flow conductors. 
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8 
Should it thereafter be desired to perform operations 

on the well which require circulation of fluid through one 
or the other of the two flow conductors, as, for example, 
if it is desired to treat the internal surfaces of the flow 
conductors with such fluids as corrosion inhibiting solu 
tions or with liquids to dissolve and remove deposits of 
paraffin or other Such substances which may have ac 
cumulated on the internal surfaces of one of the flow 
conductors, for example, the second flow conductor 24. 
Such deposits normally accumulate at higher locations in 
the flow conductor where the well temperatures are lower 
than in the lower portions of the well. In this case, the 
flow conduits 44 and 54 are preferably connected to a 
suitable source of a treating liquid by means of a pump 
and their shut-off and regulator valves are fully opened, 
The pressures in the two flow conductors since they 

are now both connected to a single source of fluid under 
preSSure, will be of equal value at cross-over device and 
no pressure differential will be created across its valve 
member or its seal rings which could impede or hinder 
movement of the valve member toward open position or 
damage the seal rings. In addition, as the pressure in the 
flow conductors rises as such pump operates the standing 
valves of the two flow conductors close and prevent down 
Ward flow of fluids through the flow conductors into the 
casing. The producing earth formations are thus pro 
tected from the imposition thereon of excessively high 
pressures and from the treating fluids. 
As the pressure in the first flow conductor at the loca 

tion of the cross-over device rises and exceeds the well 
casing pressure at this location, the force of the pressure 
in the first flow conductor communicated to the piston 
cylinder 119 below the piston causes the piston 120 to 
move the gate or valve member 114 upwardly. The pres 
sure regulator valve 55 is then set to permit flow 
through the flow conduit 54 when the pressure in the sec 
ond flow conductor exceeds a predetermined value and 
the flow conduit 54 is then disconnected after its shut 
off valve 56 is closed off from the treating fluids and is 
connected to a disposal line to which the treating liquids 
after their circulation through the flow conductors must 
be delivered. Pressure in the first flow conductor is thus 
maintained at a value sufficiently high that the valve 
member is held in its open position. The treating liquid 
will then circulate downwardly through the first flow 
conductor, through the passage 112 of the crossover de 
vice and then upwardly through the second flow conduc 
tor. When circulation of such treating liquid is com 
pleted, shut-off valves 46 and 56 are closed, the flow con 
duits 44 and 54 are again connected to the storage res 
ervoirs or flow lines and, when the valves 46 and 57 are 
again opened, after their regulator valves have been set to 
maintain the pressures in the two flow conductors at equal 
values to prevent creation of a high pressure differential 
across the valve member and the seal rings of the cross 
over device during closing movement of the valve mem 
ber, the pressure in the flow conductors decreases, the 
casing pressure exerted on the piston again moves the 
valve member downwardly to its closed position, the 
standing valves of the two flow conductors open to per 
mit production of the well fluids from the two earth for 
mations to the surface and, if desired, the pressure regu 
lator valves may then be set to maintain different pres 
Sures in the two flow conductors. 

It will be apparent that, if desired, the flow conduits 
44 and 54 may both be connected to a disposal line for 
Such treating liquids after the circulation thereof is com 
pleted for a period of time sufficiently long to cause all 
treating liquids in the flow conductors and the flow con 
duits to be flushed out by the well fluids prior to the con 
nection of the flow conduits to the reservoirs or flow 
lines. 

If it is desired that a well tool, such as the safety valve 
installed in the landing nipple of one of the flow con 
ductors be removed therefrom, for example, the safety 
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valve 94 of the second flow conductor, by means of a 
pump down train of tools 100, which may be similar to 
the Otis Pump-Down Train of Tools illustrated on p. 3780 
of the Composite Catalogue of Oil Field Equipment and 
Services, 1966-67 edition, and include locomotives 101 
and 102, jars, not shown, and the like, as well as the 
pulling tool 96 which are connected to one another by 
suitable couplings which permit a limited pivotal move 
ment of each tool of the train at the location of its con 
nections to the other tools of the train. The locomotives 
101 and 102 sealingly engage the internal surfaces of the 
flow conductor to close its passage and are spaced far 
enough apart to bridge any internal recesses of the flow 
conductor, such as coupling collar recesses. The train of 
tools with the pulling tool located at its bottom end is 
then placed into the tube 52 of the surface control as 
sembly 50 after the valves 51 and 56 have been closed 
and the top locomotive 101 is positioned below the loca 
tion of communication of the flow conduit 54 with the 
tube 52. The valve 53 is then closed and the valves 51 and 
56 are opened and fluid under pressure, which may be 
regulated by the pressure regulator valve 55, is admitted 
through the conduit 54 to act on the tool train. The flow 
conduit 44 is connected to a suitable source of fluid under 
pressure and the pressure in the first flow conductor is 
raised to a valve sufficiently high to cause the valve mem 
ber 114 to move to its upper open position. The stand 
ing valve of the first flow conductor closes as the pressure 
in the first flow conductor is increased and the standing 
valve of the second flow conductor closes as the pressure 
in the second flow conductor increases. The pressure 
regulator 45 is then set to permit flow from the first flow 
conductor when the pressure therein exceeds a predeter 
mined value which, however, is sufficiently high to keep 
the valve member in its open position. The pressure of 
the fluid introduced into the second flow conductor 
through the flow conduit 54 is then raised to a sufficiently 
high pressure to move the train of tools downwardly and 
cause the fluids in the second flow conductor below the 
bottom locomotive to flow downwardly in the second 
flow conductor, through the passage 112 of the cross-over 
device and then upwardly through the first flow con 
ductor to its flow conduit 44. 
The bottom locomotive 102 is spaced from the pulling 

tool 96 sufficiently far that when the train of tools has 
moved downwardly to the position wherein the pulling 
tool has moved into operative engagement with the upper 
end portion of the safety valve 94, the bottom locomo 
tive is positioned above the passage 112 of the cross 
over device. Once the pulling tool has moved into opera 
tive engagement with the safety valve, the direction of 
flow of fluids through the flow conductors is reversed, 
the flow conduit 44 being connected to a source of fluid 
under pressure and the flow conduit 54 being opened 
through its valve 56 and pressure regulator valve 55 so 
that the pressure of the fluid in the passage 112 is main 
tained at all times above that necessary to maintain the 
valve member 114 in its upper open position. The fluid 
then flows down through the first flow conductor 23 and 
through the passage 112 to the second flow conductor 
below the bottom locomotive. The train of tools is now 
moved upwardly in the second flow conductor and since 
the safety valve 94 is now secured to the pulling tool 
96 it is moved upwardly through the flow conductor and 
into the tube 52 from where it is removed after the valve 
51 is closed and the valve 53 opened. 
Another well tool may then be installed in the landing 

nipple 92 by connecting at the bottom end of the pump 
down train, instead of the pulling tool 96, a running tool, 
such as the Type T Otis Running Tool illustrated and 
described on p. 3892 of the 1966-67 Catalogue of Oil 
Field Equipment and Services, to which the well tool 
to be installed in the landing nipple is secured with its 
lock means held in retracted position. The train of tools 
is then inserted into the top end of the tubing and pumped 
down until such new well tool moves into the landing 
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nipple and is latched therein whereupon the running tool 
is released from such new tool by a downward force or 
jars imparted thereto by the train of tools as the pressure 
in the second flow conductor is suddenly increased at 
the surface of operation of the surface controls, such as 
the pressure regulator valve. The direction of circulation 
of fluids in the flow conductors is then reversed and the 
train of tools is removed upwardly through and from the 
second flow conductor. 

It will be apparent that the well tools located in the 
landing nipples of the first flow conductor may similarly 
be installed and removed by similar running and pulling 
tools connected to such a pump down train. It will also 
be apparent that while each of the flow conductors of 
the well installation 20 has been illustrated as being pro 
vided with only two landing nipples, more than two such 
landing nipples may be connected in one or both of the 
flow conductors below the cross-over device, that it is 
necessary to remove well tools from each landing nip 
ple before the well tool in the next lower landing nip 
ple may be removed. Each landing nipple connected in 
a flow conductor has selector and locking grooves of 
different configurations and the well tool to be installed 
in a particular landing nipple has selector keys of such 
configuration that it will pass through every landing nip 
ple located above the landing nipple in which it is to be 
instaled. 

It will also be seen that, if desired, even the standing 
valves may be installed in or removed from the lowermost 
landing nipples of the flow conductors by the pump down 
train of tools, the pressure in the flow conductors below 
the lowermost locomotive 102 of the pump down train 
will, however, be imposed on the producing earth forma 
tions as the standing valves are removed from the landing 
nipples. 

While the surface control assemblies 40 and 50 have 
been shown connected to the two flow conductors at the 
casing head, it will be apparent that in some installations, 
as for example, in subsea wells, the flow conductors may 
extend a relatively long distance from the well head to the 
shore of the body of water and such control assemblies 
are then connected at such locations remote from the 
well itself and the flow conductors may have bends or 
arcuate portions therein. The articulated connections of 
the various tools of the pump down train, however, per 
mits such pump down train of tools together with the well 
tool which is being installed or removed from the flow 
conductor to move through such arcuate portions of the 
flow conductors. The well tools which are installable in 
such flow conductors may thereby be formed of two or 
more flexible connected sections for this purpose. 

It will also be apparent that while particular well tools 
have been illustrated and described for installation in 
particular landing nipples in connection with the opera 
tion of the well installation 20, other well tools, such as 
chokes, plugs, and the like, may be moved and operated 
through the flow conductors and of the well installation 
20 and may be provided with other locator and latch 
means adapted to cooperate with landing nipples other 
than those illustrated and described in connection with 
the well installation. 20. 

It will also be apparent that while the bottom landing 
nipples of the flow conductors 24 is shown as extending 
through the lower packer 25 and the top nipple of the flow 
conductor 23 is shown as extending through the upper 
packer 26, if these packers are of a type in which the con 
ductors of the packers cannot have such selector and lock 
grooves formed therein and thus also function as landing 
nipples, all landing nipples of the flow conductors are 
connected in the flow conductors above or below the 
packers. 

It is important in well installations which have a plural 
ity of flow conductors which produce fluids from differ 
ent producing formations that no commingling of the 
well fluids produced by different formations occur by flow 
thereof from one such flow conductor to another, as 
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through the cross-over device when its valve member is in 
its closed position, in order that the rates of production 
from the different formations can be measured and con 
trolled. It is, therefore, necessary that the well apparatus, 
preferably after the installation of the apparatus, after 
each opening and closing of the cross passage 12, and at 
periodic intervals thereafter if required by various govern 
mental bodies which regulate the production of well 
fluids, such as gas and oil, be capable of testing the cross 
over device to determine if the bypass passage 12 is ef 
fectively closed. The operative condition of the cross 
over device 110 may be easily and positively tested without 
introducing any well tools into the well by setting the 
regulator valve 45 at a value higher than the shut-in 
pressure in the first flow conductor at the surface of the 
formation. A connecting the flow conduit 54 is to a suitable 
source of test fluid pressure which is higher than the shut 
in pressure of the first flow conductor. The test fluid pres 
sure, which is preferably considerably higher than the 
pressure of the well fluids normally produced from the 
formation B through the second flow conductor is com 
municated to the end of the passage 112 which opens to 
the second flow conductor 24. This test pressure does not 
exert either an upward or downward force on the valve 
member and is, of course, isolated from the piston cham 
ber so that it does not tend to exert a force tending to 
move the valve member toward its open position. If the 
valve member 114 is not in properly closed position or 
if one or both of the seal rings 127 and 128 have been 
damaged or have failed, fluids will flow from the second 
flow conductor through the passage 112 and groovc or 
recess 115 about the valve member, even if it is in its 
lowermost closed position and into the first flow conduc 
tor. Fluids will then flow through the conduit 44 when 
the pressure in the first flow conductor rises to a value 
above that at which the regulator valve 45 is set to open. 

Alternatively, a pressure gauge of any suitable type 
may be connected in the flow conduit 44 between the 
shut-off valve 46 and the tube 42 and the test pressure 
in the second flow conduit is raised above the shut-in pres 
sure of the formation A in the first flow conductor at the 
surface if the cross-over device does not properly close 
the passage 12, fluid will flow from the second flow con 
ductor, through the cross-over device to the first flow 
conductor and cause the pressure therein to rise in the 
second flow conductor, the standing valves of the first and 
second flow conductors, of course, now being closed, and 
such rise indicated by the pressure gauge will show that 
the cross-over device is not functioning properly. 

It will thus be apparent that since the fluid pressure in 
at least one of the flow conductors, in this case, the flow 
conductor 24, exerts no force tending to move the valve 
member to its open position, when it is in its closed posi 
tion the cross-over device can be easily and positively 
tested by increasing a test pressure in this conductor to a 
pressure above that of the shut-in pressure of the first 
flow conductor and the malfunction of the valve can 
easily be determined at the surface by a pressure gauge 
which detects the pressure within the first flow conductor 
at the surface or by a pressure regulator valve which may 
be set to open only when the pressure in the first flow con 
ductor rises to a pressure above such shut-in pressure. 

If desired, and if the casing pressure above the top 
packer at the location of the cross-over device is sub 
stantially greater than the shut-in pressures of the produc 
ing formations, the test fluid pressure may be introduced 
into the first flow conductor and a pressure gauge con 
nected to the flow conduit 54 between its shut-off valve 
56 and the tube 52 or the pressure regulator valve 55 
may be then used to determine if fluid flow is taking place 
through the cross-over device even though its valve mem 
ber is in closed position. The test fluid pressure is of such 
value that the upward force exerted thereby in the piston 
is not great enough to overcome the downward force 
exerted on the piston by the casing pressure above the top 
packer 26. 
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If the pressure of a producing formation, for example, 

the formation B, in the second flow conductor, is sub 
stantially higher than the shut-in pressure of the other 
formation A in the first flow conductor, the pressure of 
the formation B may be used as the test pressure by 
setting the pressure regulator valve 45 to open at a value 
above the shut-in pressure of the formation A at the sur 
face but below the value of pressure in the second flow 
conductor determined by the setting of its regulator valve 
55 or by means of the pressure gauge P after the shut 
off valve 46 is closed. 

Referring now to FIGURE 5 of the drawings, the ap 
paratus 20a embodying the invention is similar to the 
well apparatus 20, and accordingly, the elements of the 
well apparatus 20a have been provided with the same 
reference numerals, to which the subscript a has been 
added, as the corresponding elements of the well ap 
paratus 20. 
The well apparatus 20a differs from the well ap 

paratus 20 in that its cross-over device 110a is con 
nected to the flow conductors 23a and 24a below the 
top packer 26a which, since the tube 138a of the cross 
over device 110a must extend upwardly past the top 
packer, is a triple packer which closes the well casing 
above the cross-over device and seals between the cas 
ing, the two flow conductors 23a and 24a and the tube 
138a. The flow conductors have connected to their sur 
face ends, either at the casing head, or if the flow 
conductors extend to locations remote from the casing 
head at Such remote locations, with control assemblies 
such as the control assemblies 40 and 50 of the con 
ductors 23 and 24 by means of which fluids and well 
tools may be introduced into and removed from the 
flow conductors. 
The well apparatus 20a is preferred over the apparatus 

20 in some cases, even though a triple packer 26a in 
Stead of a less expensive dual packer 26 must be em 
ployed, in well installations where it is desirable or nec 
essary for the top packer, due to its own structure or to 
the characteristics of the particular well installation, to 
be positioned a substantial distance above the uppermost 
landing nipples of the flow conductors so that the length 
of the pump down train of tools necessary to move well 
tools into or from the lower landing nipples of the flow 
conductors is great since the bottom locomotive must 
be as was explained above in connection with the well 
apparatus 20, at all times above the passage 112a of 
the cross-over device. The tubes or manifolds 40, such as 
the tubes 40 or 50 of the well apparatus, of such surface 
control assemblies would thus also have to be of relative 
ly great length which may not be the case or may be 
undesirable in some well installations. It will be ap 
parent that the method of operation of the well ap 
paratus 20a in circulating either treating fluids through 
the flow conductors or in installing or removing well 
tools from the landing nipples of its flow conductors is 
identical to the operation of the well apparatus 20, and, 
accordingly, will not be described in further detail. 

Referring now to FIGURE 6 of the drawing, the well 
apparatus 20b is similar to the well apparatus 20, and, 
accordingly, its elements have been provided with the 
same reference numerals, to which the subscript b has 
been added, as the corresponding elements of the instal 
lation 20. The well installation 20b differs from the well 
installation 20 only in having a cross-over device 110b, 
connected to its flow conductors 23a and 23b above their 
uppermost landing nipples and either above or below the 
upper packer of the apparatus, not shown, which differs 
in structure and mode of operation from the cross-over 
device 110. The value member 114b may be moved 
from its closed position to its open position by increasing 
the pressure in either one of the two flow conductors 23b 
or 24b to a value sufficiently higher than that of the well 
casing pressure at the cross-over device that its upward 
force, exerted on the valve member 14b in the case of 

75 pressure from the flow conductor 24b and exerted on 
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the piston 120b in the case of the pressure from the 
flow conductor 23b, is sufficient to overcome the down 
ward force exerted by the casing pressure on the piston. 
The cross-over device 110b includes a body 111b 

having a vertical passage 150 whose internal cylindrical 
seal surface 151 is engageable by the O-ring or seal 152 
of the valve member 114b. The valve member is con 
nected by a rod 116b to the piston 120b slidable in the 
piston chamber 119b of the cross-over body which is of 
greater internal diameter than the passage 150. The cross 
over body has a passage 154 which opens to the first 
flow conductor 23b and to the passage 150 intermediate 
its ends and above the valve member when the valve 
member is in its closed position illustrated in the draw 
ing and a passage 155 which opens to the second flow 
conductor 24b and to the bottom end of the passage 150 
below the valve member. 

It will be apparent that when the valve is in the closed 
position illustrated in FIGURE 6, the fluid pressure from 
the first flow conductor 23b exerts an upward force on 
the downwardly facing surfaces of the piston 120 with 
in the line of sealing engagement of its seal surface 121b 
with the surfaces of the body defining the piston chamber 
and a downward force on the upwardly facing surfaces 
of smaller area of the valve member 114b within the line 
of sealing engagement with its seal ring 152 with the 
surface 151. As a result, the fluid pressure from the first 
flow conductor exerts a net upward force on the valve 
member and, if the pressure in the first flow conductor is 
increased to a sufficiently high value, it will cause the 
valve member to be moved upwardly against the down 
ward force exerted on the piston by the casing pressure 
to its upper open position wherein its seal ring 152 is 
above the inner end of the passage 154, thus establish 
ing communication between the two flow conductors 
through the passages 154, 150 and 155. 

It will be apparent that the valve member may also be 
moved to its open position from its closed position by 
increasing the fluid pressure in the second flow conductor 
24b until the force exerted thereby on the downwardly 
facing surfaces of the valve member is sufficiently great 
to move the valve member and the piston upwardly against 
the force exerted on the piston by the casing pressure. 
Fluid pressure from both flow conductors 23a and 23b 
always exert upward forces on the piston and the valve 
member, respectively, when the valve member is in its 
open position. 

It will thus be apparent that the well apparatus 20b 
provides a greater flexibility of operation since the valve 
member of its cross-over device may be opened by in 
creasing the pressure within either one of its flow con 
ductors instead of only in one flow conductor as in the 
case of the well installation. 20. 
The cross-over device 110b may be tested in the same 

manner as described in connection with the well apparatus 
20 to determine if it is functioning properly by increasing 
the test fluid pressure in the flow conductors above the 
normal shut-in pressure of the other flow conductor of 
the casing pressure at the cross-over device is sufficiently 
great that the downward force exerted thereby on the 
piston is substantially greater than the combined upward 
force exerted on the valve member and the piston by the 
pressures in the two flow conductors during the test. 

Referring now to FIGURE 7 of the drawing, the well 
installation 20c is also similar to the well apparatus 20 
differing therefrom only in having a cross-over device 
110c having a different structure and different mode of 
operation than the cross-over device 110 of the well in 
stallation 20, and, accordingly, its elements have been 
provided with the same reference numerals, to which 
the subscript c has been added, as the corresponding ele 
ments of the well apparatus 20. The cross-over device 
110c includes a body 111c having a vertical passage 160 
which opens to the lower end of the tube 138c at its 
upper end and provides a seal surface 161 which is 
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4. 
engageable by the seal rings 162 and 163 of the valve 
member 114-c which is movable between its top open 
position in the passage 160 illustrated in FIGURE 7 and 
a bottom closed position wherein its downward move 
ment is arrested by the upwardly facing annular shoulder 
164 of the cross-over body. The cross-over body also 
has a passage 166 which opens to the flow conductor 
23c at one end and to the passage 160 intermediate its 
ends and a passage 176 which opens to the flow conductor 
24c and to the lower end of the vertical passage 160. 

It will be apparent that when the valve 114c is in its 
open position, it is biased upwardly by the pressure within 
the two flow conductors which are then in communica 
tion through the passages 165, 160 and 160c of the 
body and biased downwardly by the pressure in the well 
casing communicated to the top end of the valve mem 
ber through the tube 138c and the liquid contained there 
in. When it is desired to prevent communication between 
the two flow conductors through the cross-over device, 
the pressures within the flow conductors are decreased 
by suitable flow control devices of the same type as illus 
trated in connection with the well apparatus 20 and the 
casing pressure is then effective to move the valve mem 
ber downwardly to its closed position wherein its top 
O-ring 162 seals between the valve member and the seal 
surface 161 above the passage 166 and its bottom seal 
ring 163 seals between the valve member and the seal 
surface 161 below the passage 166. 

It will be apparent that when the valve member is 
in its closed position, it can be moved to its open posi 
tion only by increasing the pressure in the second flow 
conductor 24c to such value that its force exerted on the 
downwardly facing surfaces of the valve member within 
the line of sealing engagement of its O-ring 163 with 
the surface 161 is greater than the downward force 
exerted on the upwardly facing surfaces of the valve 
member by the casing pressure within the line of sealing 
engagement of its top seal ring 162 with the surface 161. 

It will also be apparent that the cross-over device can 
be tested by closing one of the flow conductors at the 
surface and using a pressure gauge to determine the 
pressure therein at the surface or a pressure regulator 
valve and increasing the test fluid pressure in the other 
flow conductor as long as the casing pressure at the 
location is sufficiently great to prevent upward move 
ment of the valve member. 

Referring now to FIGURES 8 and 9 of the drawings, 
the well apparatus 20d differs from the well apparatus 
20 in having three flow conductors 23b, 24d and 180 
which extend through the well casing are provided below 
the cross-over device 110d with landing nipples, such 
as those of the well apparatus 20, in which well tools may 
be installed and removed by a pump down train such 
as the one described in connection with the apparatus 
20. The valve member 114d of the cross-over device 
110d of the well apparatus 20d, is moved from its upper 
closed position, illustrated in the drawing, to a lower 
open position when the pressure within a flow conductor 
180 of the apparatus is increased to a value sufficiently 
great that its force communicated through a conduit 
181 to the top end of the piston chamber 119d of the 
cross-over device body 111.d exerts a downward force 
on the piston 120 sufficiently great to overcome the up 
ward force exerted on the valve member by a spring 182 
and the pressure within the casing exerted on the down 
wardly facing surfaces of the piston of the bottom flange 
183 of the valve member 114d within the line of sealing 
engagement of its seal ring 184 with the seal surface 
185 defining a vertical passage 186 of the cross-over 
body. The valve member also has a top flange 188 having 
a seal ring 189 which, when the valve member is in the 
upper closed position illustrated in FIGURE 8, also 
engages the seal surface 186. The seal rings 184 and 189 
are disposed below and above a passage 190 of the body 
which opens to the passage 185 and the first flow con 
ductor. The cross-over device body 111d also has a 
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passage 191 which opens to the second flow conductor 
24d and the passage 19 between the top flange member 
188 and the piston 120 a which is connected to the valve 
member by the rod 116d. Since the downwardly facing 
area of the piston within the line of the sealing engage 
ment of its seal ring 121d with the seal surface 185 
is equal to the upwardly facing area exposed thereto 
within the line of sealing engagement of the O-ring 189 
with the seal surface 186, the fluid pressure from the 
second flow conductor does not tend to move the valve 
member in either direction and similarly the pressure 
from the first flow conductor does not tend to move the 
valve member in either direction since the downwardly 
facing surface of the valve member exposed thereto 
within the line of sealing engagement of its O-ring 189 
is equal to the upwardly facing area thereof exposed 
thereto within the line of sealing engagement of its O-ring 
184. As a result, the operation of the valve member 114d 
is independent of the pressure within either the first flow 
conductor or the second flow conductor. 
The valve member is movable downwardly against the 

resistance of the spring 182 and the force of the casing 
pressure at the location of the cross-over device com 
municated to the lower end of the passage 186 through 
the port 192 of the cross-over body by fluid pressure ad 
mitted within a third flow conductor 200 which is com 
municated to the top end of the piston chamber 119d 
through a conduit 202 which extends therebetween. 

It will be apparent that when the pressure within the 
third flow conductor is increased, as by pumping fluid 
thereinto at the surface while its lower end is closed by a 
standing valve installed in a landing nipple thereof, to 
such degree that its downward force exerted on the piston 
120d overcomes the upward force exerted on the valve 
member by the spring 182 and by the casing pressure at 
the location of the cross-over device, the valve member 
is moved downwardly to a position wherein its piston 
ring 121d seals between the piston and the body above 
the passage 191 and the ring seal 189 seals with the seal 
surface below the passage 190. 

It is preferred to equalize the pressures in the two flow 
conductors prior to the opening of the cross-over device, 
as by connecting them at the surface to a common source 
of fluid pressure in order to preclude damage to the seal 
ring or its valve member especially in installations where 
the pressures in the two flow conductors differ greatly. 
Fluid communication is established between the first and 
second flow conductors through the passages 190, 185 and 
191 when the valve member is in its open position. 

It will thus be apparent, that the cross-over device 110d 
may be used to control fluid communication between two 
flow conductors and is operable independently of the fluid 
pressure in the well casing or in either of the flow con 
ductors 23d and 24d so that the pressure within the flow 
conductors 23d and 24d at the location of the cross-over 
device may be lower than the casing pressure when the 
cross-over device is open. 

It will also be apparent that the cross-over device 110d 
may be tested by introducing test fluid pressure into 
either one of the two flow conductors, even if Such test 
fluid pressure is greater than the casing pressure at the 
cross-over device since the upward and downward forces 
exerted on the valve means and piston by such test fluid 
pressure from either flow conductor are balanced. Flow 
of fluid through the cross-over device during such test 
will, of course, be detected in the manner previously 
described. 

Referring now particularly to FIGURES 10 and 11 of 
the drawings, the well installation 20e has three flow con 
ductors 23e, 24e and 210 for producing well fluids from 
producing earth formations A, B, C and D through per 
forations 211, 212, 213 and 214, respectively, of the 
well casings C. The well casing is provided at the surface 
with the usual head 217 to which is connected a flow con 
duit 218 having a shut-off valve 219 and a pressure regu 
lator valve 220 connected therein. The well apparatus may 
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include packers 221 and 222 which close the casing be 
low and above the perforations 213 of the producing earth 
formation C and seal between the casing and the first flow 
conductor 23e, a well packer 223 which closes the well 
casing between the producing formations A and B and 
seals between the well casing and the first and second flow 
conductors 23e and 24e, and a packer 224 above the pro 
ducing earth formation A. 

It will be apparent that the bottom end of the first 
flow conductor opens to the casing below the bottom 
packer 221, the bottom end of the second flow conductor 
opens to the casing between the packers 222 and 223 and 
the bottom end of the third flow conductor opens to the 
casing between the packers 223 and 224. 
The third flow conductor 210 opens at its lower end to 

the casing between the packers 223 and 224 to permit 
production of well fluids from the earth formation A to 
the surface and a cross-over device 110f identical in 
structure to the cross-over device 110d is connected be 
tween the second and third flow conductors 24e and 210 
and its operation is controlled by the pressure within the 
first flow conductor 23e communicated thereto by a con 
duit 230. 
The third flow conductor is provided at the surface 

with the same type of surface control device or assembly 
as the first and second flow conductors having a bottom 
valve 225, a tube or manifold 226, a top valve 227 and 
a flow conduit 228 in which are connected a pressure 
regulator valve 229 and shut-off valve 230. The flow con 
trol device 110f may be located above the top triple 
packer 224 and permits flow of fluids between the second 
and third flow conductors above the top landing nipple 
230a of the third flow conductor and the valve 231 con 
nected in the Second flow conductor between the packers 
223 and 224. The second flow conductor also has a plu 
rality of landing nipples 232, 233,234, and 235 connected 
therein and constituting sections thereof and similarly the 
third flow conductor 210 may have a plurality of landing 
nipples 236 and 237 connected therein below its uppermost 
landing nipple 230a. 
The cross-over device 110g, which also is identical to 

the flow control device 110d illustrated in FIGURE 8, 
controls flow between the first and second flow con 
ductors above the valve 231 of the second flow conductor 
and above the uppermost landing nipple 241 of the first 
flow conductor. The operation of the flow control device 
110g is controlled by fluid pressure from the first flow 
conductor by which it is transmitted the cross-over de 
Vice 110g by a conduit 242. The first flow conductor may 
have an additional landing nipple 243 connected therein 
above the packer 222 and a valve 244 connected therein 
between the packers 221 and 222 for controlling flow 
from the formation C and through the first flow conduc 
tor when the valve is in its open position. The first flow 
conductor also has a plurality of landing nipples 245, 246, 
247 and 248 connected therein for controlling flow of 
fluids from the casing below the bottom packer 221 
through the first flow conductor. The valves 231 and 244 
may be of the type illustrated and described on p. 3820 
Of the Composite Catalogue of Oil Field Equipment and 
Services, 1966-67 edition, and their internal sleeves, such 
as the sleeve 251 of the valve 244, are movable between 
their lower closed positions and upper open positions by 
a shifting tool which may move through the flow conduc. 
tors by Suitable wire line tools or by a pump-down train 
of Well tools of the type described in connection with the 
well apparatus 20. The valves 231 and 245 and the shift 
ing tools for moving their sleeves between their open and 
closed positions are fully described in the U.S. Letters 
Patent to Grimmer et al., No. 3,051,243, and will not, 
therefore, be illustrated or described in greater detail 
herein. 

In use, if it desired, to produce well fluids from the 
formations D, B and A through the flow conductors 23e, 
24e and 210, respectively, suitable flow control devices 



17 
are installed in the landing nipples of the three flow 
conductors while the sleeves of the valves 231 and 244 
are in their lower closed positions. For example, standing 
valves may be releasably installed in the bottom landing 
nipples 248, 235 and 237 of the first, second and third 
conductors, respectively, and safety valves in the next 
higher landing nipples 247, 234 and 236, thereof. The 
well fluids from the formations D, B and A are thus 
caused to flow under controlled conditions to the flow 
conduits 44e, 54e and 224e. 

Should it thereafter be desired to stop production from 
the lower zone D and to produce well fluids from the 
formation C through the first flow conductor, the pres 
sure in the third flow conductor 210 will be increased 
to cause the crossover device 110g to open to permit cir 
culation of fluids between the first and second flow con 
ductors. If it is desired that the flow conductor below the 
valve 244 be closed, as, for example, if the pressure 
of the producing formation D is greater than that of the 
producing formation C, a plug not shown, provided with 
a latching device is installed in another of the landing 
nipples of the first flow conductor, such as the landing 
nipple 245, by means of a pump down train of tools and 
a suitable running tool. The pump down train of tools 
is then removed from the first flow conductor, a shifting 
tool of the type described in the patent to Grimmer et al., 
No. 3,051,243, is connected to the lower end of the 
pump down train of tools and is moved downwardly by 
such train through the first flow conductor by introducing 
fluids into the top end of the first flow conductor and 
permitting upward flow through the second flow con 
ductor, until the shifting tool moves into operative engage 
ment with the sleeve 252. At this time, the bottom loco 
motive of such train of tools is positioned above the loca 
tion of communication of the body of the cross-over 
device 10g with the first flow conductor. The train of 
tools and the shifting tool is then moved upwardly by 
circulating fluids downwardly through the second flow 
conductor and through the cross-over device and then up 
wardly through the first flow conductor. During its up 
ward movement the shifting tool moves the sleeve 252 
upwardly to its open position and then disengages there 
from. The train of tools is then removed from the first 
flow conductor. 

If it is desired that the flow of fluids from the forma 
tion C through the first flow conductor, which is now in 
communication with the casing through its ports 213 be 
controlled by suitable control devices, such devices may 
be installed in the landing nipples of the first flow con 
ductor above the valve 244. For example, a standing may 
be installed in the landing nipple 243 and a safety valve 
may be installed in the landing nipple 244 by means of 
such pump down train of tools. The cross-over device 
110g is then closed by lowering the pressure in the third 
flow conductor and production of well fluids from the 
formation C through the first flow conductor and from 
the formation B through the second flow conductors can 
then take place. 

Similarly, if it is desired to install or remove well tools 
from any one of the landing nipples of the second and 
third flow conductors, the pressure in the first flow con 
ductor is increased to cause the flow control device 110f 
to move to open position and a train of pump down tools 
may then be moved upwardly and downwardly in either 
of the second and third flow conductors to install or re 
move well tools from its landing nipples. 
The valve 244 may be subsequently closed, if desired, 

by moving its sleeve 252 to its closed position by a shifting 
tool connected to a pump down train of tools. 

It will also be apparent that the movement of well tools 
or the circulation of fluids, such as the treating fluids, 
through any flow conductor is not dependent upon par 
ticular pressure conditions in the pair of flow conductors 
through which the fluids are circulated since the opening 

3,448,803 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

of the cross-over device between said pair of flow conduc- 75 

18 
tors is controlled by the pressure within a third flow con 
ductor so that the pressures in the flow conductors may be 
lower or higher than that in the well casing if desired. 

It will be apparent that any or all of flow conductors 
may be provided with valves, such as the valves 231 and 
244 in various locations therealong and with a plurality of 
landing nipples to provide for great flexibility of operation 
of the well apparatus and treatment of the well. For ex 
ample, the valve 231 of the second flow conductor may 
be opened to permit injection of treating liquids into the 
earth formation. A by pumping such fluid into the second 
flow conductor while the flow conduit 228 is closed or to 
circulate fluids down the second flow conductor and up 
the third conductor if the flow conduit 228 is open. 

It will now be seen, that a new and improved well ap 
paratus has been illustrated and described which includes 
a plurality of conductors between a pair of which is con 
nected a means, such as the cross-over devices 110f and 
110g, for selectively establishing communication between 
pairs of the flow conductors at locations below the sur 
face merely by varying the pressure conditions within one 
of the flow conductors so that such communication may 
be established easily at the surface without the require 
ment of running tools into the well. 

If it is desired to test any one of the cross-over devices 
of the well apparatus 20e, for example, the cross-over 
device 110f, the test fluid pressure is introduced into one 
of the flow conductors, for example, the flow conductor 
210, while the shut-in valves 45e and 55e of the other two 
flow conductors are closed. The test fluid pressure in the 
flow conductor 210 is then increased to a value greater 
than the shut-in values of the pressures in the other two 
flow conductors 24e and 23e and, if the pressure gauges 
show that the pressure is rising above its normal shut-in 
pressure in the first or second flow conductor, it will be 
apparent that the cross-over device is permitting flow 
therethrough to one or the other of the conductors 23e 
and 24e. Alternatively, such flow through a malfunction 
cross-over device may be determined by the flow through 
the regulator valve of the first or second flow conductor. 

Referring now to FIGURE 12 of the drawings, the 
well installation 20h is similar to the well installation 20 
differing therefrom only that the cross-over device 110, 
in addition to having the passage 135h, which is at all 
times in communication with the passage of the first flow 
conductor 23h and the piston chamber 119.h, also has a 
passage 275 for providing communication between the 
piston chamber 119h below the piston and the second 
flow conductor 24h. A check valve 176 is biased toward 
closed position to close the passage 175 by the pressure 
from the first flow conductor. The provision of the pas 
Sage 175 permits the opening of the valve cross-over de 
vice by the introduction by raising the pressure in the 
Second flow conductor 24h in the event it is not desired 
to raise the pressure in the first flow conductor for this 
purpose. The check valve prevents flow of fluids from 
the first flow conductor 23h in which the pressure nor 
mally is much higher than the pressure in the flow con 
ductor 24h so that when the valve member is in its closed 
position and normal production of fluids is taking place, 
the check valve prevents flow of fluid from the flow con 
ductor 23h to the flow conductor 24h through the pas 
sages 135h and 175 and the piston chamber. Testing of 
the apparatus 20h when its valve member is in closed 
position, of course, can be accomplished only by introduc 
ing the fluid pressure into the first flow conductor of 
higher value than the shut-in pressure of the second flow 
conductor but lower than the pressure in the casing. 

Referring to FIGURE 13 of the drawings, the well ap 
paratus 20i is similar to the well apparatus 20a, its cross 
overdevice 110i being positioned below the upper packer 
26i. The well apparatus 20i differs from the well apparatus 
20a in that its piston chamber 119i above the piston 120i 
opens to the casing below the upper packer 26i so that 
this packer may be a dual packer instead of a triple packer 
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as is required when the piston is biased to its lowermost 
position by the fluid pressure above the packer. Since the 
pressure across the piston 120i is equalized when the 
valve member is in its lowermost position, the pressure 
between the two packers being equal to the pressure in 
the first flow conductor which opens to the casing between 
the two packers, a spring 180 is provided which biases the 
piston 120i to its lower position. It will be apparent that 
the well installation 120i may be operated in the same 
manner as the well apparatus 20a. 

It will now be seen that in the different forms of the 
well apparatus embodying the invention each includes a 
plurality of flow conductors extending through a well and 
having longitudinal passages, cross-over means below 
the surface of the well for providing a cross passage be 
tween a pair of the flow conductors, a valve means for 
closing the passage and means operatively associated with 
the valve means and responsive to fluid pressure in one of 
the flow conductors for moving the valve means to its 
open position when the pressure in one flow conductor 
is increased to a sufficiently high value. 

It will further be seen that the cross-over device of 
the well apparatus described may be positively tested to 
insure that the cross-over device is properly closed by 
means controllable at the surface of the well which 
require no tools to be moved into the well to accomplish 
such test. 

It will further be seen that a new and improved method 
of operating a well penetrating a plurality of spaced fluid 
producing earth formations has been illustrated and de 
scribed which includes positioning in the well a plurality 
of flow conductors in position to communicate with the 
producing flow formations, barrier means, such as pack 
ers, between the producing earth formations to close the 
well about the flow conductors extending through the 
barrier means so that different flow conductors will pro 
duce fluids from different formations, and a cross-over 
means connected to a pair of the flow conductors for 
establishing communication between a pair of flow con 
ductors below the surface of the well and which is oper 
able in response to pressure change in one of the flow 
conductors of the well; increasing the pressure in such 
one of the flow conductors to operate the cross-over means 
and establish communication between the flow conduc 
tors above the location of communication of the flow 
conductors with the producing earth formations, and then 
circulating fluids from the surface down one of the pair 
of flow conductors through the cross-over means and 
upwardly to the surface through the other of flow con 
ductors. 
The method may also include treating of the flow con 

ductors with treating fluids, such as corrosion inhibiting 
or deposit dissolving and removing liquids, or the step 
of moving a tool transport means, such as the pump down 
train of tools 100, through one or the other of the pair 
of flow conductors to cause operation of a tool con 
nected in Such flow conductor, such as the valves 231 
and 244, or to install or remove other well devices, such 
as Safety and standing valves in landing means of one or 
the other of such flow conductors; and then reversing 
the circulation of fluids to move the transport means and 
any tool carried thereby upwardly in the flow conductor 
for removal therefrom at the surface. 
The method may also include the step of closing the 

flow conductors between the cross-over means at the loca 
tions of their communication with the producing earth 
formations during such circulation of fluids through the 
pair of flow conductors and the cross-over means to pre 
vent flow of such fluids into the producing formations or 
the imposition of excessive pressures on the producing 
formations. 

It will also be apparent that the method also may in 
clude the additional step of testing the cross-over device 
to determine whether when its valve means is in its closed 
position it permits any flow of fluids between the pair of 
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flow conductors to which it is connected, by closing the 
flow of fluids from one of the flow conductors or per 
mitting flow therefrom only if the pressure in such con 
ductor exceeds the shut-in pressure therein of the produc 
ing formation whose produced fluids are normally con 
ducted to the surface through such conductor, then in 
creasing the pressure in the other flow conductor to a 
valve above such shut-in valve, and then determining at 
the Surface if the pressure in the first flow conductor in 
creases which can occur only if the cross-over device per 
mits fluid flow from the other conductor to the first 
conductor. 
The foregoing description of the invention is explana 

tory only, and changes in the details of the construction 
illustrated may be made by those skilled in the art, with 
in the scope of the appended claims, without departing 
from the spirit of the invention. 
What is claimed and desired to be secured by Letters 

Patent is: 
1. A well apparatus including: a plurality of flow con 

ductors extending into a well and having longitudinal pas 
sages; cross-over means below the surface of the well pro 
viding a cross passage between a pair of said flow con 
ductors; valve means in said cross-over means for clos 
ing off flow through said cross passage; first means in 
cluding fluid pressure responsive means exposed to a 
source of pressure other than that within said pair of flow 
conductors operatively associated with said valve means 
for biasing said valve means to closed position; and sec 
ond means operatively associated with said valve means 
and responsive to fluid pressure from one of said well and 
said pair of flow conductors for moving said valve means 
to open position to establish communication between the 
longitudinal passages of said pair of flow conductors 
through said cross passage. 

2. The Well apparatus of claim 1, wherein said first 
means includes resilient means acting on said valve to 
bias said valve means to closed position. 

3. The well apparatus of claim 1, wherein said first 
biasing means includes means exposed to the pressure 
in the well exteriorly of the cross-over device whereby 
the pressure in the well exteriorly of said pair of cross 
over device and said flow conductors exerts a force tend 
ing to hold said valve means in closed position. 

4. The well apparatus of claim 3, and means operable 
at the surface of the well for varying the fluid pressure in 
said one of said pair of flow conductors. 

5. The well apparatus of claim 4, wherein said well 
penetrates a plurality of spaced producing earth forma 
tions and said apparatus includes barrier means in said 
well closing said well between adjacent producing forma 
tions, and about flow conductors extending through said 
barrier means, said flow conductors having means for 
establishing communication between their longitudinal 
passages and the producing formations. 

6. The well apparatus of claim 5, wherein at least one 
of said pair of flow conductors is provided with landing 
means below said cross passage for releasably securing 
well tools in said flow conductor below said cross-over 
passage, whereby well tools may be installed in and re 
moved from said landing means by transport means mov 
able in said one of said pair of flow conductors by fluid 
circulated through said pair of flow conductors and said 
croSS passage. 

7. The well apparatus of claim 6, wherein said well 
apparatus includes valve means in at least one of said 
pair of flow conductors below said cross passage for 
preventing downward flow in the passage of said one of 
said flow conductors and into the well and permitting 
flow from the well into the passage of the flow conductor 
and upwardly therein. 

8. The Well apparatus of claim 7, and a valve con 
nected in one of said pair of flow conductors means for 
controlling flow of fluids between the well and said one 
of said pair of flow conductors, said valve having means 
operable by a tool movable through said one of said 
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flow conductors by fluid circulated through said pair of 
flow conductors and said cross passage. 

9. The well apparatus of claim 3, wherein said second 
means is exposed to fluid pressure from one of said pair 
of said flow conductors to move said valve to open 
position. 

10. The well apparatus of claim 9 and means operable 
at the surface of the well for varying the fluid pressure 
in said one of said pair of flow conductors. 

11. The well apparatus of claim 10, wherein said well 
penetrates a plurality of spaced producing earth forma 
tions and said apparatus includes barrier means in said 
well closing said well between adjacent producing forma 
tions, and about flow conductors extending through said 
barrier means, said flow conductors having means for 
establishing communication between their longitudinal 
passages and the producing formations. 

12. The well apparatus of claim 11, wherein at least 
one of said pair of flow conductors is provided with land 
ing means below said cross passage for releasably secur 
ing well tools in said flow conductor below said cross-over 
passage, whereby well tools may be installed in and re 
moved from said landing means by transport means 
movable in said one of said pair of flow conductors by 
fluid circulated through said pair of flow conductors and 
said cross passage. 

13. The well apparatus of claim 12, wherein said well 
apparatus includes valve means in at least one of said pair 
of flow conductors below said cross passage for prevent 
ing downward flow in the passage of said one of said flow 
conductors and into the well and permitting flow from 
the well into the passage of the flow conductor and up 
wardly therein. 

14. The well apparatus of claim 13, and a valve con 
nected in one of said pair of flow conductors means for 
controlling flow of fluids between the well and said one 
of said pair of flow conductors, said valve having means 
operable by a tool movable through said one of said 
flow conductors by fluid circulated through said pair of 
flow conductors and said cross passage. 

15. A cross-over device including: a body connectable 
to a pair of flow conductors, said body having a cross 
passage for providing communication between the pas 
sages of the pair of flow conductors to which said body is 
connectable; valve means mounted in said body and 
movable between an open position wherein said cross 
passage provides communication between passages of 
said pair of flow conductors to which the body is connect 
able and a closed position wherein said valve means 
closes off flow of fluid through said cross passage and 
biasing means including first pressure responsive means 
operatively associated with said valve means and ex 
posed to the force of fluid pressure from a source other. 
than the pressure within said pair of flow conductors for 
biasing said valve means to closed position; said cross 
passage being closed off from communication with said 
fluid pressure of said biasing means. 

16. The cross-over device of claim 15, wherein said 
biasing means includes resilient means acting on said 
valve means tending to move said valve means to closed 
position. 

17. The cross-over device of claim 16, and second 
pressure responsive means operatively associated with 
said valve means and exposable to the pressure in one 
of said pair of flow conductors to which the body is con 
nectable when it is connected thereto for moving said 
valve means to its open position. 

18. The cross-over device of claim 17, wherein said 
body has a piston chamber and first and second passage 
means opening at spaced locations to said chamber; a 
piston in said chamber movable therein between said 
spaced locations, fluid pressure communicated through 
said first passage to said chamber exerting a force on 
said piston tending to move said valve means to closed 
position and fluid pressure communicated through said 
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second passage to said chamber exerting a force on said 
piston tending to move said valve means to its open 
position. 

19. The cross-over device of claim 18, wherein said 
cross-over device has a third passage through which 
pressure from the other of the flow conductors to which 
said body is connectable is to said chamber to exert a 
force on said piston tending to move said valve means 
to its open position, and means operatively associated 
with said third passage permitting fluid flow to said cham 
ber through said chamber and preventing fluid flow from 
said chamber through said third passage. 

20. The cross-over device of claim 18, wherein said 
first passage means includes an elongate tube open at 
its end remote from said chamber and movable means 
in said tube for preventing movement of foreign sub 
stances into said chamber. 

21. The cross-over device of claim 20, wherein said 
second passage means includes conduit means connect 
ing said chamber to a third flow conductor whereby the 
valve means is movable to its open position when the 
pressure in said third conductor is increased to a pre 
determined value. 

22. The cross-over device of claim 18, wherein said 
second passage is adapted to communicate with the pas 
sage of one of the flow conductors to which said body 
is connectable. 

23. The cross-over device of claim 22, wherein said 
body has a third passage through which fluid pressure 
communicated to said chamber exerts a force on said 
piston tending to move said valve means to open position, 
said third passage being adapted to communicate with 
the passage of the other of said pair of flow conductors, 
and means permitting fluid flow through said third pas 
sage into said chamber and preventing fluid flow from 
Said chamber through said third passage. 

24. The cross-over device of claim 18, wherein said 
Second passage means provides communication between 
said chamber and one of the flow conductors to which 
said body is connectable. 

25. The cross-over device of claim 24, wherein said 
first passage means includes an elongate tube open at 
its end remote from said chamber and movable means 
is disposed in said tube for preventing movement of 
foreign substances into said chamber. 

26. A cross-over device for a well apparatus having a 
plurality of flow conductors extending through a well for 
producing well fluids therethrough, said device including: 
a body connectable to a pair of flow conductors of a well 
apparatus and having a main passage and a pair of cross 
passages opening to said main passage at spaced locations 
relative thereto, said main passage and cross passages 
providing a cross flow path between said pair of flow 
conductors to which said body is connectable; valve means 
in said main passage movable between open and closed 
positions, said valve means preventing fluid communica 
tion between said pair of cross passages through said 
main passage when in closed position; first means opera 
tively associated with said valve means and exposed to 
fluid pressure from a source other than within said pair 
of flow conductors for biasing said valve means to said 
closed position; and second means operatively associated 
with said valve means and exposed exposable to fluid 
pressure from one of said well and a one of said pair of 
flow conductors of said apparatus, fluid pressure exerted 
on said second means for moving said valve means to 
open position. 

27. The cross-over device of claim 26, wherein said 
Second means is exposed to fluid pressure from one of 
the pair of flow conductors between which said body 
cross passages provides said cross flow path. 

28. The cross-over device of claim 26, wherein said 
first means includes means exposed to fluid pressure in 
said well whereby the well pressure exteriorly of said flow 
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