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This invention relates to the deep well completion art 
and a particular object of the invention is to provide a 
novel apparatus for gravel packing a liner in a deep oil or 
water well. 
The common practice in a gravel packing operation 

starts with suspending a perforated production liner on a 
liner hanger from the lower end of the well casing with a 
port collar assembled therewith just below the hanger and 
with a packer forming a seal between the hanger and the 
casing. This liner may be run into the well on a special 
tool for gravel packing, the latter being suspended on a 
running-in string and having temporarily threaded con 
nection with the liner hanger, and, when unscrewed from 
the latter, being packed off from the port collar above and 
below, gravel ports in the latter. A stinger pipe extends 
downward from the gravel packing tool to a point just 
above the lower end of the liner and communicates at its 
upper end through a bypass passage in the tool with an 
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outlet port at the upper end of the latter, opening into 
the space between the running-in string and the well cas 
ing. The running-in string communicates through a cen 
tral passage in the tool with ports opening into the port 
collar. Thus a suspension of gravel in water or other light 
liquid may be pumped down the running-in string and 
through the tool into the port collar and then outwardly 
through the ports in the latter into the space between 
the open well hole and the upper end of the perforated 
production liner. 

Continuation of this flow of a liquid suspension of 
gravel into said space forces said suspension downwardly 
between the hole and the liner, and the liquid in the hole 
displaced by the inflowing suspension flows inwardly 
through the perforations of the liner and travels down 
wardly until it passes into the lower end of the stinger 
pipe, causing an upward flow of liquid in the latter which 
escapes through said by-pass in the gravel packing tool 
into the lower end of the body of liquid occupying the 
well casing. 

Theoretically, the suspension thus pumped into the 
upper end of the space between the liner and the well 
hole will gradually move downwardly displacing the liq 
uid already in this space and the liquid in the suspension 
will escape from the same flowing inwardly through the 
perforations in the liner, leaving the gravel progressively 
compactly packed in said space, from the bottom of the 
well upward, until no more gravel suspension can be 
pumped into the upper end of said space. Unfortunately 
the above described process does not work out as theoreti 
cally intended. For some reason, and there are various 
theories as to what the precise cause is, this process does 
not always result in the space between the well hole and 

Failure 
in this respect is indicated by persistence of the sand prob 
lem, the overcoming of which was sought by the gravel 
packing operation, 
One of the theories for such failure is that bridging of 

the gravel between the liner and the well hole takes place 
at a point located a substantial distance above the bottom 
of the hole, such bridging blocking further downward 
flow of the gravel suspension. After such a blockade 
occurs, the liquid in the suspension delivered into the 
well hole space above the blockade escapes inwardly 
through the perforated liner and said space is progressively 
packed with gravel from the blockade upward but leaving 
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the space below the blockade sealed off from penetration 
by the gravel suspension. This theory for explaining 
failures in gravel packing is supported by the fact that 
such failures increase in direct proportion to increases in 
the length of the liner. 

It is an object of the present invention to provide an 
apparatus for gravel packing a liner in a deep well which 
will give assurance to the operator, that the space be 
tween the liner and the well hole is being progressively 
packed with gravel from the bottom of the liner upwardly. 

Another object of the invention is to provide Such 
apparatus largely utilizing the equipment above described 
but which prevents escape of the liquid from said gravel 
suspension inwardly into said liner until after said sus 
pension reaches the lower end of the space between the 
liner and the well hole whereby the liquid pressure of 
the stream of gravel suspension delivered into the upper 
end of said space will continue to be applied downwardly 
throughout the length of said space to the suspension 
previously introduced into said space thereby effectively 
preventing bridging caused by premature separation of the 
liquid from said gravel suspension. 
A further object of the invention is the provision of a 

simple and inexpensive expedient which, when combined 
with the prior art equipment first above described, will 
effect a distinct change in the mode of operation thereof 
and facilitate realization of the objects aforestated. 

It is a still further object of the invention to provide 
apparatus applicable as above noted to a gravel packing 
operation and which, with or without modification, may 
also be utilized in the setting of a liner in a Well hole by 
reversing the direction of flow of the circulation of fluid 
in the well. 

The manner of accomplishing the foregoing objects 
as well as further objects and advantages will be inade 
manifiest in the following description taken in connection 
with the accompanying drawings in which 

FIG. 1 is a diagrammatic vertical sectional view of a 
lower portion of a well hole and illustrating an apparatus 
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of the prior art (with which the present invention is 
adapted to be associated) with said apparatus performing 
a gravel packing operation in said well hole in accord 
ance with the method of the prior art first hereinabove 
described, and showing a premature bridging of the gravel 
between the well hole and the perforated liner which pre 
vents the realization of satisfactory gravel packing job. 

FIG. 2 is an enlarged vertical sectional view of an 
upper portion of the gravel packing apparatus shown in 
F.G. 1 and taken on the line 2-2 thereof. 

F.G. 3 is a view similar to FIG. 1 and illustrates the 
apparatus shown therein with this modified to embody 
the apparatus of the present invention and shows this 
modified apparatus functioning to perform the method 
of the present invention in satisfactorily accomplishing a 
deep well gravel packing operation. 

FIG. 4 is a horizontal detail sectional view taken on 
the line 4-4 of FEG. 2 and illustrates the gravel suspen 
sion ports in the port collar of the liner hanger and simi 
lar ports in the gravel packing tool. 

F.G. 5 is an enlarged detail fragmentary view of one 
of the joints formed in the stinger pipe of the apparatus 
of the invention as this pipe appears before it is inserted 
downwardly into the perforated liner, and shows one of 
the fluid flow control baffles of the invention mounted on 
said pipe at said joint with this baffle in section and with 
the radial flange thereof lying in a flat plane in which 
it is normally disposed when free from restraint. 

FIG. 6 is a view similar to FIG. 5 and shows the baffle 
of the invention with the radial flange thereof cupped up 
wardly as occurs when a stinger pipe equipped with said 
baffle is fed downwardly into the perforated liner in the 
well. This view also shows in broken lines the position 
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taken by said radial flange of said baffle when the latter 
is reversely cupped by application of a sufficient down 
ward hydraulic pressure thereon during the gravel pack 
ing operation. 

Referring specifically to the drawings FiG. 1 shows a 
deep well hole it having a well casing within which 
a gravel packing apparatus 2 of the prior art is shown 
engaged in the performance of a gravel packing operation. 
The apparatus 12 includes a liner hanger 13 having a 
lead packer 4 on the lower end of which is connected 
a port collar 15 having gravel suspension ports 5. 
Suspended from the port collar 55 by a coupling 17 is a 
perforated liner 8 having perforations 19 throughout its 
length, the lower end of said liner either resting on the 
bottom of well hole 9 or being supported relatively close 
to said bottom. - 
The liner hanger S3 is provided with wickered slips 20 

which, in FIG. 1, are shown as set against the inner 
surface of the casing so as to suspend the liner hanger 
and the perforated liner 18 on said casing. The lead 
packer 14 is also shown as having been set against the 
well casing 11 to pack off the space between the liner 
hanger and said casing. The liner hanger 3 has internal 
threads 25 by which it is adapted to be engaged by an 
externally threaded head 26 of a gravel packing tool 27. 
This tool is suspended on the lower end of a running-in 
string 28 on which said tool is run into the well with the 
liner hanger 13 screwed onto the head 26 and thus sus 
pended on said tool. Because of the diagrammatic 
nature of the drawings the detailed structure of the 
various elements of the apparatus are not shown which 
permit the slips 20 to be manipulated by manipulation of 
the running-in string 28 so as to set these slips in the 
casing A and cause the lead packer 4 to pack off the 
space between the hanger and the casing. After these 
steps have been performed, the running-in string 28 is 
rotated to unscrew the head 26 from the internal threads 
25 of the liner hanger 13, after which the string 28 may 
be set down with the head 26 supported on the upper 
end of the liner hanger E3 thereby firmly setting the 
wickered slips 20 in the metal of the casing Ea. The 
head 26 is shown in this position in FGS. 1, 2 and 3. 
The gravel packing tool 27 has a tubular downward 

extension 29 which connects at its upper end with the 
head 26 and at its lower end with a sectionally assembled 
stinger pipe 30. The downward extension 29 of the tool 
27 has an internal bore 31 which extends upwardly 
through the head 26 and connects with the lower end 
of the running-in string 28. The tool 27 is provided with 
a wall 32 extending vertically in the bore 3, which di 
vides the space within said bore into a gravel suspension 
passage 33 and a liquid by-pass passage 34. The passage 
33 connects with the lower end of the running-in 
string 28 at its upper end and at its lower end communi 
cates with gravel suspension ports 35, and passage 33 
is closed by a wall 46) just below said ports. The head 
26 of tool 27 has a neck or sub 41 which connects with the 
running-in string 28, the neck 41 having a liquid port 42 
with which the upper end of liquid by-pass passage 34 
connects. The lower end of said by-pass passage connects 
with the bore 3 below the wall 4, and thus communi 
cates with the upper end of the stinger pipe 30. 
The tubular downward tool extension 29 is provided 

with upper and lower double packers 43 and 44 which 
pack off the space between said tool on the one hand, 
and the liner hanger 13 and port collar 15 on the other 
hand, just above and below the ports 15 of the port collar 
and the ports 35 of the gravel packing tool 27. These 
packers thus create a chamber 45 within the port collar 
15 which connects the ports 35 of the gravel packing tool 
27 with the ports 16 of the port collar. Thus when a 
suspension of gravel in liquid is pumped down the run 
ning-in string 28 it is delivered through the passage 33 and 
ports 35 into the chamber 45 from which it flows out 
wardly through ports 6 into the space 46 between the 
well hole 10 and the perforated liner 8. 
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Reference is now had particularly to FIG. 1 which illus 

trates the prior art gravel packing apparatus 12 in the 
midst of a gravel packing operation, this view also illus 
trating a fault of said apparatus in the method performed 
by it resulting in the development of a bridging or block 
ade 47 of the space 46 at a point a substantial distance 
above the lower end of said space so that the gravel 
operation is prevented from reaching a substantial lower 
portion of the space 46 with the result that the packing 
operation fails to accomplish its intended purpose. The 
premature formation of the bridge 47 in the space 46 
as illustrated in FIG. 1 results from the fact that the 
upper portion of the perforated liner i3 acts as a strainer 
into which the water or other liquid contained in the 
suspension delivered into space 46 trickles through the 
perforations 19 of the liner and escapes downwardly 
inside the liner into the lower end of the stinger pipe 38, 
this liquid then flowing upwardly through the stinger pipe, 
the bore 31, the by-pass passage 34 and out through the 
liquid port 42 into the body of liquid occupying the 
space 48 between the running-in string 28 and the well 
casing i. 

Loss of liquid from the gravel suspension tends to make 
the gravel pack prematurely as it travels down the space 
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45 between the well hole and the perforated liner. Our 
diagnosis is that this is one of the major causes of failures 
of the method and apparatus illustrated in FIG. 1 to re 
liably perform a complete gravel packing operation. The 
theory behind the present invention is, therefore, that if 
loss of water from the gravel suspension as it passes 
down the space 46 can be prevented, this suspension will 
be kept in fluid condition until it reaches a solid obstruc 
tion such as the bottom of the well hole 10 where, of 
course, the gravel will be forced to settle out of the 
suspension and the liquid in the suspension will be forced 
to flow through the perforations 19 of the liner 18. In 
pursuing this theory, it was noted that it is common prac 
tice to make up the stringer pipe 36 by assembling a plu 
rality of pipe sections 55 end-to-end, each of these sections 
generally being about 30 feet in length. Each section 
55 of the stinger pipe 36 has a female threaded recep 
tacle 56 into which the male threaded pin 57 of the section 
55 thereabove screws as shown in FIG. 5. Above the 
pin 57 of each section 55 is a swelling or annular shoul 
der 58. 
The improvement conceived in the present invention 

for modifying the apparatus 12 of the prior art to prevent 
the premature bridging of gravel above described as ex 
perienced in using this apparatus, comprises the instal 
lation of one of a series of fluid flow control baffles 59 
on the stinger pipe 39 at each of the joints therein. Each 
of these baffles is preferably molded of neoprene al 
though, of course, it may be made of natural rubber or 
any other kind of rubber substitute. Each baffle 59 in 
cludes a hub 60 having a bore 61 which snugly fits the 
pin 57, this hub having a metal ring 62 for reinforcing 
said hub this ring having an internal diameter which 
prevents it moving upwardly but a very short distance from 
engagement with the receptacle 56 of said joint, by the 
presence of the annular shoulder 58 of the section there 
above. The baffle 59 is preferably molded so that the 
hub of the baffle is intimately bonded with the metal ring 
62 and is integrally united with an annular radial flange 
63 which, when free from restraint, lies in a flat plane 
normal to the axis of the stinger pipe 39. The circular 
peripheral edge 64 of the radial flange 63 has a major 
rounded lower bevel 65 and a minor rounded upper 
bevel 66. 
The apparatus 12 of the prior art modified by the 

application of fluid flow control baffles 59 to each of the 
joints of the stinger pipe 30 constitutes the improved 
apparatus 67 of the present invention. As clearly shown 
in FIGS. 3 and 6, when the gravel packing tool 27 of 
the apparatus 67 is extended downwardly into position 
to start a gravel packing operation as shown in FIG. 3, 
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all of the fluid flow control baffles 59 are cupped up 
wardly in the perforated liner 18 due to the fact that the 
outside diameter of these baffles exceeds by /8 of an inch 
to 4 of an inch the inside diameter of the liner 18. 
Each of these baffles, when so cupped upwardly, forms 
a yieldable but very substantial block to downward pas 
sage of liquid past this baffle within the liner 18. 
Assuming that the baffles 59 are spaced 30 feet apart, 

which is normal, each adjacent pair of these baffles forms 
a liquid tight cell within the liner and the only way this 
cell can receive liquid through any of the perforations 
thereof located opposite said cell is of an equivalent 
amount of liquid to flow out of said cell through other 
of said perforations. Thus, if there is any tendency for 
liquid to leave the gravel suspension as it flows down the 
space 46 opposite the upper portion of one of said cells, 
this flow will force liquid out of the perforations in said 
liner adjacent a lower portion of said ceil. The general 
tendency, however, of the division of the space within 
the liner into a series of consecutive tightly closed off : 
cells, is to discourage the seppage of water out of the 
gravel suspension as it flows downwardly through the 
space 46 until the suspension comes against a solid ob 
stacle such as the bottom of the well where there is no 
place for the suspension to go and the water is naturally 
strained therefrom through the perforations in the liner 
and the gravel starts to settle from the suspension thereby 
filing the space 5 from the bottom upwardly. . . 
Whenever the gravel starts to pack out from the gravel 

suspension in the space 15, beginning with the bottom of 
- this space, so that the packed gravel approaches the level 
at which one of the baffles 59 is located, there becomes 
a compelling necessity for the cell immediately above 

6 
What is claimed is: 
1. An apparatus for gravel packing a well hole below 

a casing installed in said hole, said apparatus comprising: 
a liner hanger mounted in a lower portion of said casing 
and having gravel suspension port means; a perforated 
well liner suspended from said hanger; a gravel packing 
tool adapted to be suspended om a running-in string and 
inserted downwardly within said liner, said tool having 
a stinger pipe axially suspended therefrom and terminat 
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that baffle to receive water through the perforations in the 
liner opposite said cell and this addition of water to the 
cell sets up an increased hydraulic pressure therein, until, 
when this reaches approximately 40 pounds to the square 
inch, this pressure reverses the direction in which said 
baffle is cupped whereupon this baffle offers relatively 
little resistance to the downward flow of water from the 
cell thereabove to the cell therebeneath. 
This reversing of the cupping of the baffles 59 occurs 

progressively as the packing of the gravel rises in the space 
46 and is well illustrated in FIG. 3 where the four lower 
baffles are shown as having had their cupped positions 
successively reversed by the packing of the space 46 from 
the bottom of the well until the level of packed gravel has 
reached the uppermost of these baffles the cupping of 
which has been reversed. 

Each time the pressure rises in one of the cells between 

rising up close to the level of the lower of these two baf 
fles, this resistance to the flow of the gravel suspension 
being pumped down the running-in string 28 is reflected 
on the pressure gauge at the top of the well. The opera 
tor is thus continuously kept informed by this gauge 
that the gravel packing in the space 46 is progressing 
section by section upwardly in this space and he is able 
to follow this progress by counting the number of in 
creases in pressure occasioned by the reversing of the 
direction in which the respective baffles 59 are cupped. 
While only a single embodiment of the present in 

vention is disclosed in the above specification and illus 
trated in the drawings, it is to be understood that various 
changes and modifications may be made without depart 
ing from the spirit of the invention or the scope of the 
appended claims. ?. * * * * - 
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adjacent baffles 59 by virtue of the packing of the gravel : 
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ing near the lower end of said liner; upper and lower 
packers on said tool for packing off the space between 
said tool and said liner hanger above and below said sus 
pension port means in said hanger, there being an axial 
suspension passage and an axial by-pass liquid passage in 
said tool, said suspension passage connecting said run 
ning-in string with a suspension discharge port means 
located between said upper and lower packers, said by 
pass liquid passage connecting said stinger pipe with a 
port opening laterally from said tool into the space above 
said liner hanger between said running-in string and said 
casing; and a series of annular yieldable baffles fixed on 
said stinger pipe at intervals therealong, said baffles mak 
ing a yieldable sealing engagement with the interior of 
said liner whereby each baffle offers substantial resistance 
to liquid flowing downward past said baffle in said liner, 
said baffles, when not under restraint, having an outside 
diameter which is greater than the inside diameter of 
said liner whereby said baffles are clipped upwardly when 
said tool is inserted downwardly in said liner for accom 
plishing a gravel packing operation, each baffle being . 
adapted to have the direction it is cupped reversed by 
liquid pressure applied downwardly thereagainst as the 
packing of gravel in the well hole progresses upwardly 
close to the level of said baffle, said reversing of a baffle 
materially reducing the resistance of the baffle to down 
ward flow of liquid past, the same within said liner. 

2. An annular yieldiable fiuid flow control baffle pro 
vided for assembly of a series of such baffles at spaced 
intervals upon the stinger pipe of a liner setting tool which 
pipe extends downwardly in a perforated well liner when 
said tool is positioned for setting said liner in a well hole, 
said baffle being moulded of a rubber-like material and 
including a hub portion and a substantially flat annular 
flange extending radially from said hub, the outer diam 
eter of said flange being greater than the inside diameter 
of said liner whereby extending said stinger pipe down 
wardly into said liner causes said flanges to be cupped 
upwardly by engagement of said fianges with said liner, 
and whereby pulling said stinger pipe upwardly in said 
liner causes said flanges to be cupped downwardly by 
engagement of said flanges with said liner, the hub of 
said baffle having a metal reinforcing ring imbedded in 
and bonded to said hub, said hub having a bore which 
closely fits the male threaded end of a section of said 
stinger pipe at a joint in the latter, said baffle being 
mounted on said stinger pipe by being slipped over said 
male section end at each such joint in said pipe and 
camped in place between an annular shoulder on said 
male pipe end of the female pipe end with which said 
male end connects at said joint. 
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