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1. 

3,421,586 
FLOW-REVERSING LNER SHOE FOR WELL 

GRAVEL PACKING APPARATUS 
James R. Solum, Huntington Beach, Calif., assignor to 
B & W Incorporated, Torrance, Calif., a corporation 
of California 

Filed Aug. 29, 1967, Ser. No. 664,050 
U.S. Cl. 166—-51 10 Claims 
Int. C. E21b 43/04, E21b 43/08 

ABSTRACT OF THE DISCLOSURE 
An apparatus for gravel packing a perforate liner in 

a well including a liner shoe engaged by an interior wash 
pipe for circulating fluid out through a check valve on 
the bottom of the liner shoe for washing the liner 
to the bottom of the well and a fluid by-pass in the liner 
shoe for fluid to flow inwardly through the liner perfora 
tions, down through the by-pass and up in the wash pipe 
with another check valve arrangement for preventing re 
verse flow through the by-pass. After gravel packing the 
wash pipe is lifted from the liner shoe to wash out the 
liner. 

This invention relates to the gravel packing of oil, gas 
or water wells and in particular is directed to an assem 
bly of components including a unique liner shoe that per 
mits the operator to “wash” the liner into the well under 
sandy conditions in the well whereby the complete run 
ning-in of the liner is assured and the entire gravel pack 
ing operation can be completed in a single round trip 
of the well pipe. 

It has become increasingly more popular and advisable 
with wells having a propensity to produce objectionable 
amounts of sand with the production fluid to complete 
such wells by placing a liner having precisely sized per 
forations or slots in the well at the production zone and 
filling the annular space outside the liner with gravel of a 
closely controlled size larger than the liner perforations 
or slots. The gravel is flowed downwardly around the 
outside of the liner with a fluid which passes through 
the liner slots leaving the gravel and either low pressure 
or high pressure may be used, the latter of which serves 
to urge the gravel out into the formation. Of course wells 
that have this problem of tending to produce sand with 
the production fluid will also tend to fill up the bottom 
of the well with such sand by sloughing off the walls 
or settling out of the fluid within the well when the well 
is not on production. This filling in with sand may occur 
during the time it takes to run the perforate liner into 
the well even though the operator may have just com 
pleted washing out the entire well and attempting to 
clean up the fluid. The result is that the liner cannot 
be lowered to the full desired depth and conventionally 
it is necessary to pull the liner back out and again attempt 
to wash out the well with the hope of reaching bottom 
with the liner the next time. The liter itself cannot be 
used for washing out the well since it is perforated or 
slotted throughout its length. The additional expense and 
delay in making one or more round trips into the well 
with wash tools is obvious but even more important is 
that there is no assurance that the well will not still 
partially fill with sand before the liner can be lowered to 
the desired location. 
While certain apparatus has been proposed for Solving 

this problem in gravel packing these troublesome wells, 
such apparatus normally contemplates the provision of a 
number of special components in the assemblage which 
due to the requisite small size of such components often 
result in malfunctioning and failure thereby defeating the 
desired single round trip operation. Some such arrange 
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ments have other deficiencies such as the inability to wash 
out any fine sand deposited in the liner during gravel 
packing by circulating fluid downwardly in the annulus 
within the liner and upwardly in the wash pipe to posi 
tively remove such fine sands. One such apparatus having 
these various deficiencies is diagrammatically shown in 
United States Patent No. 3,134,439 entitled “Gravel Pack 
ing Apparatus.” 

It is an object of this invention to provide a novel form 
of assembly for use in gravel packing a perforate liner 
in a well including a unique flow-reversing liner shoe 
for permitting the liner to be washed to bottom, gravel 
packed, released and cleaned out in a single round trip. 
Another object of this invention is to provide a novel 

form of liner shoe adapted to be sealably engaged by a 
wash pipe to permit either downward flow through the 
wash pipe and out the bottom of the shoe or downward 
flow in the liner and up through the wash pipe. A still 
further object is to provide such a liner shoe wherein 
the wash pipe is readily releasable from the liner shoe 
and the desired paths of fluid flow are accomplished 
automatically and without mechanical manipulation of 
the wash pipe or liner. 

Still another object of this invention is to provide a 
novel form of single trip gravel packing apparatus in 
cluding a perforated liner with a unique liner shoe which 
is engaged by a wash pipe wherein the liner shoe has a 
check valve for allowing only downward flow out the 
bottom of the shoe and a single direction by-pass for 
allowing flow downwardly in the liner and upwardly in 
the wash pipe but not the reverse thereof. 

Other and more detailed objects and advantages of this 
invention will appear from the following description and 
the accompanying drawings, wherein: 
FIGURE 1 is a diagrammatic sectional elevation of a 

well into which the assembly of the perforate liner and 
unique liner shoe is being run while washing out the well; 
FIGURE 2 is a diagrimmatic sectional elevation similar 

to FIGURE 1 but illustrating the liner in the desired 
position and showing the placing of the gravel around 
the liner; 
FIGURE 3 is a diagrammatic sectional elevation simi 

lar to FIGURES 1 and 2 but illustrating the liner in the 
completely gravel packed condition with the remaining 
tools of the assembly released for cleaning out the liner 
and removal from the well; 
FIGURE 4 is an enlarged sectional elevation of a pre 

ferred embodiment of the unique flow-reversing liner shoe 
of this invention; and 
FIGURE 5 is a sectional plan view taken substantially 

on the line 5-5 as shown in FIGURE 4. 
Referring first to FIGURES 4 and 5, the flow-reversing 

liner shoe, generally designated 18, of this invention is 
comprised of a long tubular body 11 having threads 12 
on the upper end adapted to attach to the bottom end of 
the perforated or slotted iner 13 and normally the 
tubular body 11 will be of approximately the same diam 
eter as the liner 13. The lower end of the liner shoe 10 
is, for convenience, provided with a heavy walled tubular 
section or nose piece 14 threadedly attached at 15 to the 
lower end of the tubilar body 11 although it will readily 
be appreciated that the tubular body 11 could form the 
entire lower end of the line shoe 10. A plurality of fins 
16 are provided on the lower end of the liner shoe with 
the outer section of such fins normally being of a diam 
eter slightly less than the diameter of the well pipe or bore 
in which the liner is to be positioned whereby the fins 
16 serve to center the lower end of the liner in the well 
pipe or bore thereby providing a relatively uniform an 
nular space around the liner for the gravel. Three or more 
fins are preferred for this purpose. The fins 16 may have 
portions 17 extending around the lower end of the liner 
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shoe both to support the lower end above any surface 
which otherwise might close and prevent fluid circulation 
through such lower end and to assist in breaking up any 
sand conditions while washing the liner into the Well. A 
central bore 18 is provided in the nose piece 14. 
Means are provided in the lower portion of the tubular 

body 11 for preventing fluid flow in an upward direction 
but permitting downward fluid flow and, as shown in the 
drawings, these means may include a check valve assen 
bly, generally designated 20. Actually in the perferred 
embodiment two identical check valve assemblies are 
provided one above the other in tubular body 11 for fur 
ther insuring that the proper fluid flow conditions are 
maintained although one valve may have malfunctioned. 
Each check valve 20 is provided with an annular body 21 
having external threads 22 threadedly engaging the in 
ternal threads on the lower end of tubular body 1 to 
support the check valve within the tubular body. A set 
screw 23 is threaded through the wall of tubular body 
11 into the annular body 2 to lock the check valve 
assembly in the desired location. An open yoke or cage 
portion 24 extends downwardly from the annular body 
2 to support a centrally positioned bushing 25. A valve 
member 26 has a valve stem 27 slidably mounted in the 
bushing 25 for guided vertical movement of the valve 
member which is urged toward the annular member 21 
by a coil compression spring 28. An upwardly facing 
valve seat 29 on the valve member 26 fits a matching 
downwardly facing seat on the annular member 2 and 
normally is urged into sealing engagement by the Spring 
28. Thus the check valve assembly prevents fluid flow 
therepassed in the upward direction but downward fluid 
fiow is permitted by reason of the fluid urging the valve 
member 26 downwardly and depressing the spring 28. It 
will readily appear to those skilled in the art that any 
convenient type of check valve may be used rather than 
the specific embodiment described and further that only 
one such check valve is absolutely essential to the opera 
tion of this invention. 

In the upper portion of tubular body 11 means are 
provided for sealably engaging a wash pipe and also 
allowing fluid by-pass around the wash pipe in the down 
ward direction and these means are generally designated 
30. In the initial running-in position the wash pipe extends 
downwardly through the means 30 and has its lower end 
32 anywhere below such means. The section of tubular 
body 11 between means 30 and the uppermost check valve 
assembly 20 may be of substantial length for ease in select 
ing the appropriate length of wash pipe 31 to fit through 
the means 3G without engaging the uppermost check 
valve assembly 20. The means 30 includes a collar 
33 threadedly mounted in the uppermost portion of 
tubular body i? and a sleeve 34 mounted below 
the collar in any convenient manner. Collar 33 has 
an internal bore 35 of a size to closely fit the exterior 
surface of the wash pipe 31 and bore 35 may be provided 
with sealing rings 36 to sealably engage the wash pipe 31. 
The upper end of collar 31 is inwardly tapered at 37 
for ease of stabbing the wash pipe 31 into the bore 35. 
Likewise the exterior of the lower end 32 of the wash pipe 
is preferably chamfered for the same purpose. The in 
terior bore 38 of sleeve 34 is substantially larger than the 
wash pipe 31 to provide an annular space between the 
wash pipe and bore 38. Sleeve 34 serves to support the 
lower end of a compression spring 39 which is of a diam 
eter to comfortably fit within the tubular body 11. Com 
pression spring 39 extends upwardly to engage a ring 40 
and urge that ring into engagement with the bottom of 
collar 33. The ring 40 and bottom of collar 33 have 
mating flat surfaces. Collar 33 is provided with a multi 
plicity of ports 4 extending longitudinally therethrough 
and positioned between the internal bore 35 and the ex 
ternal surface of the collar 33 being open to either such 
bore or such surface. The bottom ends of ports 41 are 
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4. 
prevent upward flow of fluid through the ports. However 
a downward flow of fluid in the annular space between 
the exterior of wash pipe 31 and interior of liner 13 will 
cause ring 40 to be urged downwardly against the force 
of spring 39 and allow such fluid flow to by-pass the 
sealing engagement between collar 33 and wash pipe 31. 
It will be seen that such downward flow through ports 41 
will continue through bore 38 of sleeve 34, then to the 
lower end 32 of the wash pipe 31, and then upwardly in 
the wash pipe. 

Referring now to FIGURE 1, a typical well bore condi 
tion is diagrammatically shown wherein the well casing 
50 has been cemented into position by cement 51 with 
perforations 52 being made in the production zone 53 and 
through the use of conventional equipment the perfora 
tions 52 have been washed out with the creation of a 
cavity 54, all of which is completely conventional. Sand 
55 may remain or accumulate in the bottom of the well 
following the various procedures and before the liner is to 
be lowered into the well whereby there is created the prob 
lem of getting the liner to the desired depth within the 
well. The liner 13 is machine perforated or slotted, as 
shown, to provide openings of a precise predetermined 
size smaller than the gravel that is to be packed into the 
well. As previously described the flow-reversing liner shoe 
10 of this invention is attached to the lower end of liner 
3 and the wash pipe 31 extends down through the means 

30 but stops short of the check valve assemblies 20. A 
Swivel joint 56 may be provided on the wash pipe if de 
sired for the conventional reasons. The upper end of liner 
13 is provided with a conventional packer, generally desig 
nated 57 and is releasably supported from a conventional 
releasing tool 58. The wash pipe 31 is also suspended from 
the releasing tool 58 but is not adapted to be released 
therefrom in the well. Above the packer 57 and releasing 
tool 58 there is conventionally provided a fluid flow cross 
over tool, generally designated 59, which has means on the 
exterior thereof for sealably engaging the interior of the 
well casing 50. The cross-over tool 59 is supported from 
the conventional well tubing 50 and has cross-over pas 
sageways therein as shown to transfer the downward fluid 
flow in the annular space to the interior of the well tools 
therebelow and trinasfer the upward fluid flow from the 
annular space into the upwardly extending tubing 60. The 
cross-over tool. 59, setting tool 58, packer 57, liner 13 and 
even the wash pipe 31 have long been conventional for 
some operators in gravel packing wells and therefore are 
not believed to require any further specific description for 
purposes of this disclosure. 

Still referring to FIGURE 1, the above described as 
sembly of tools is lowered into the well on the tubing 60 
and if no sand 55 is present in the bottom of the well the 
liner 13 could be lowered to the desired depth. However 
normally the liner will come to rest on some sand 55 and 
then, in accordance with this invention, the operator will 
start circulating the fluid downwardly in the annulus 
whereby the fluid, as shown by the arrows, will flow in 
through the cross-over tool 59 and down through the 
setting tool 58 and wash pipe 31 to the lower end 32 of 
the wash pipe where it discharges into the center of the 
reversing liner shoe 10. As previously described the 
fluid will not flow upwardly through the by-pass means 40 
due to the sealing ring 40 and therefore the flow will be 
downwardly through the check valves assemblies 20 and 
out the bottom of the liner, again as shown by the arrows. 
This produces a jet action to stir up the sand 55 and en 
train such sand in the flowing fluid whereby the sand is 
carried upwardly in the annular space between the exterior 
of the liner 3 and the interior of the casing 50 up to the 
cross-over tool 59 where it flows into the interior of the 
tubing 60 and eventually to ground level. By maintaining 
this fluid flow the liner can be “washed to bottom' and 
positioned at the proper depth. 
With the liner positioned at the proper depth the direc 

covered by the ring 40 as shown in FIGURE 4 and thereby 75 tion of fluid flow is reversed and the changeover, if neces 
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sary, to a different fluid desired for packing the gravel in 
the well is accomplished. Upon reversal of fluid flow from 
the relationship shown by the arrows in FIGURE 1 the 
fluid will be directed downwardly in the tubing 60 as 
shown in FIGURE 2, then outwardly into the annulus by 
the cross-over tool whereupon, as shown by arrows 61, 
the fluid will flow in through the slots in the liner 13, down 
through the by-pass means 30 to enter the lower end of 
wash pipe 31, then upwardly through the wash pipe to the 
cross-over tool to flow out into the annulus thereabove. 
The fluid will not be permitted to flow in through the bot 
tom end of the liner shoe 10 due to the presence of the 
check valve assemblies 20. Once the fluid changeover has 
been accomplished the gravel packing can proceed in the 
normal manner by pumping the fluid with entrained gravel 
down through the tubing 60, out into the annulus at the 
liner and out into the cavity 54, if one exists, as shown 
by arrows 62. In some gravel packing procedures the re 
turn flow of fluid from the annulus surrounding tubing 60 
will be closed off to cause all of the fluid to pass out into 
the formation as shown by arrows 63 while in other 
procedures the return flow may be permitted either fully 
or partially. Again the check valve assemblies 20 prevent 
fiuid flow in through the bottom of liner shoe which other 
wise would result in allowing gravel to return to ground 
level through the wash pipe. In procedures where some or 
all of the fluid is allowed to return, the fluid will flow in 
through the liner slots, as shown by arrows 61, leaving 
the gravel in the annulus outside the liner and then the 
fluid will pass down through the by-pass means 30, into 
the wash pipe 31, and upwardly in the wash pipe as 
previously described. 

Referring now to FIGURE 3, when the gravel packing 
procedure has been completed the tubing 60 is manip 
ulated to cause the releasing tool 58 to release the liner 
13 and packer 57 and then the releasing tool 58 may serve 
to actuate or set the packer 57, as shown, to seal the 
upper end of the liner to the casing 50. By lifting the 
tubing 60 upon release from the liner the wash pipe 31 
is also lifted to a position above the flow reversing liner 
shoe 10 whereupon continued flow circulation in the 
direction of the arrows shown in FIGURE 3 will serve 
to clean out any fine sand remaining in the bottom of 
the liner down to the shoe. The presence of sand in the 
shoe now becomes unimportant but any sand build-up 
above the level of slots or perforations in the liner would 
inhibit the flow of production fluid and should be re 
moved. After an appropriate amount of fluid circulation 
the tubing 60 may be lifted to remove the cross-over tool 
59, releasing tool 58 and wash pipe 31 from the well 
thereby completing the gravel packing process in a single 
round trip. 
Having fully described my invention it is to be under 

stood that such invention is not limited to the specific 
embodiments herein shown and described but rather my 
invention is of the full scope of the appended claims. 

I claim: 
1. In a liner shoe device adapted for connection to the 

lower end of a perforate liner and to be internally en 
gaged from above by a smaller wash pipe, the combina 
tion of: a tubular body having an upper end for connect 
ing to the liner and an open lower end, check valve means 
mounted in said body near said lower end for allowing 
fluid flow downwardly through said tubular body and out 
the lower end but preventing fluid flow in the reverse 
direction upwardly, and means within said tubular body 
near the upper end including a tubular bore for receiving 
and sealing with the wash pipe and a fluid flow by-pass 
means for allowing fluid flow downwardly in the annulus 
between the wash pipe and the tubular body with the 
wash pipe positioned in said tubular bore and having 
means for preventing fluid flow in the reverse direction 
upwardly. 

2. The liner shoe device of claim 1 wherein said 
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6 
tubular bore is provided with sealing means for releasable 
engagement with the wash pipe. 

3. The liner shoe device of claim 1 wherein the said 
by-pass means includes a collar mounted in said tubular 
body with said tubular bore provided in said collar, said 
collar having at least one longitudinal port therethrough, 
and means closing said port to prevent upward fluid flow 
and allowing opening of said port for downward fluid 
flow. 

4. The liner shoe device of claim 3 wherein a multi 
plicity of said ports are provided, said collar having a 
regular surface on the lower end thereof with said ports 
extending through said surface, and said port closing 
means comprising a ring having an upwardly facing sur 
face matching said collar regular surface and means re 
siliently urging said ring upwardly into engagement with 
Said collar for interengagement of said surfaces. 

5. In a liner shoe device adapted for connection to the 
lower end of a perforate liner and to be internally en 
gaged from above by a smaller wash pipe, the combina 
tion of; a body having an upper end for connecting to the 
liner and an open lower end, means within said body for 
receiving and sealing with the wash pipe and having 
by-pass means for allowing fluid flow downwardly passed 
the said sealing engagement with said wash pipe but pre 
venting fluid flow in the reverse direction upwardly, and 
means in said body for allowing fluid flow downwardly 
out the lower end but preventing fluid flow in the reverse 
direction upwardly. 

6. In a single trip perforate liner wash-down, gravel 
packing, releasing and wash-out apparatus for wells em 
ploying, a perforate liner to be placed in the well, a 
tubing releasably connected to the upper end of the 
liner, a wash pipe connected to the tubing and extending 
downwardly within said liner, the improvement com 
prising, a shoe device mounted on the lower end of said 
liner, said shoe device having an internal bore sealably 
engaging said wash pipe, a check valve in said shoe de 
vice for allowing fluid flow downwardly through the 
wash pipe and out the bottom of said shoe device for 
washing the liner down into the well but preventing 
reverse flow, said shoe device having a fluid by-pass means 
for allowing fluid to pass from within the liner down 
wardly passed the said sealing engagement and into the 
lower end of the wash pipe for return upward flow of 
the fluid in the wash pipe, and said fluid by-pass means 
having means for preventing upward flow therethrough. 

7. In a single trip perforate liner wash-down, gravel 
packing, releasing and wash-out apparatus for wells, com 
prising, a perforate liner to be placed in the well, a 
wash pipe of smaller diameter than said liner extending 
downwardly within said liner, a shoe device mounted on 
the lower end of said liner and having means sealably 
engaging said wash pipe and having a fluid by-pass means 
for allowing fluid to pass downwardly within the liner 
passed the said sealing engagement and into the lower 
end of the wash pipe with means for preventing the re 
verse upward flow passed said sealing engagement. 

8. The combination of claim 7 wherein said shoe de 
vice is provided with a check valve means for allowing 
fluid flow out the lower end of the shoe device but pre 
venting fluid flow in the reverse, upward direction. 

9. In a single trip perforate liner wash-down, gravel 
packing, releasing and wash-out apparatus for wells, com 
prising, a perforate liner to be placed in the well, a tub 
ing having means releasably connected to the upper end 
of said liner for lowering the liner into the well, a wash 
pipe of smaller diameter than said liner connected to said 
tubing and extending downwardly within said liner, a 
shoe device mounted on the lower end of said liner and 
having an upper portion with an internal bore sealably 
engaging said wash pipe, a check valve in the lower por 
tion of said shoe device for allowing fluid flow down 
wardly through the wash pipe and out the bottom of said 
shoe device for Washing the liner down into the well but 
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preventing reverse flow, said shoe device having a fluid 
by-pass means for allowing fluid to pass from within the 
liner downwardly passed the said sealing engagement 
between the shoe device and wash pipe into the lower 
end of the wash pipe for return upward flow of the fluid 
in the wash pipe, said fluid by-pass means having means 
for preventing upward flow therethrough as during the 
wash down with fluid flowing downwardly in said wash 
pipe, and said wash pipe lifted free of said sealing engage 
ment with said shoe device upon release and lifting of 
said tubing from said liner for allowing upward flow of 
fluid in said wash pipe to then wash out the interior of 
said liner above the shoe device. 

10. The combination of claim 9 wherein said by-pass 
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8 
ternal bore provided in said collar, said collar having 
longitudinal ports therethrough for said downward by 
pass fluid flow, and a sealing ring resiliently urged into 
engagement with the lower end of said collar to close said 
ports for causing the said prevention of upward flow 
therethrough, 
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