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The invention relates to a general assembly of 
equipment to be used in the graveling and de 
yeloping of oil, gas or other high pressure wells. 

O 
well bore the formation must be removed and 

In the drilling of Wells under pressure it is de 
sirable to increase the production as much as 
possible and to this end the well bore may be en 
larged in diameter adjacent the productive for 
mation so that a greater drainage area is pro 
vided into the well bore for the desirable fluid. 

In order to form this excavation to enlarge the 

filter beds of gravel or other granular material 
may be formed in the well bore about the well 
strainer so that the finer sands from the forma 
tion will be filtered out of the fluid before it 
reaches the strainer. . . . . . 
Another object is to gravel a well under pres 

sure. ** Another object is to under ream a well where 
pressure is effective and to thereafter deposit 
gravel in the underreamed chamber. 
Another object is to control a well under pres 

... sure, while gravel is being added thereto. 
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of sticking, 
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- Another object is to rework depleted wells by 
underreaning and graveling. t 

Still another object is to provide a closed 
chamber in a well bore. 

Still another object is to provide a circulating 
system for wells to prevent the sticking of tools 
therein and to facilitate their recovery in event 

gravel 

... It is one of the objects of the invention to cir 
culate liquid down into the well bore and either 
mechanically or hydraulically underream or re 
move sand to enlarge the well bore; and it is 
usual for the downward stream to flow at a high 

- velocity through a small diameter pipe and the . 
return flow to pass through a larger diameter 
plipe at a slower rate but under these circum 

40 stances it has been found that the sand and other 
sediment in the returning liquid will sometimes 
settleback into the well bore, and to obviate this, 
the present invention concerns itself with an ar 
rangement whereby an additional flow of liquid 

Another object of the invention is t 
as an arrangement of piping in a well in such a supported by a hanger 6, which is locked in 55 

???? ? (???-- ” 

may becombined with the returning column of 
liquid in the well so as to increase the rate of 
flow with the resultant carrying upward of the 
sand or other material. w 
st is One of the objects of the invention to 
combine a circulation of liquid with the carrier 
liquid which is used in the graveling and de 
veloping of wells so as to increase the rate of the 
return foW from the well. , , - 

is to provide 

(C. 1662) 
combination that a carrier liquid containing 
gravel may be directed downwardly into the well 
to deposit the gravel about the screen and to 
thereafter return upwardly through the well 
carrying a load of sand or sediment from the 
formation in such a manner that the return flow 
may be supplemented by an additional circulation 
of liquid to assist in raising the sand or sediment 
to the surface. 
Another object of the invention is to provide 

an apparatus for graveling and developing of 
wells whereby the well may be closed in very 

O 

quickly in event of excessive pressure from the 
formation. 
Other and further objects of the invention will 

be readily apparent when the following descrip 
tion is considered in connection with the accom 
panying drawings, wherein: 

Fig. is a side elevation of a well bore illus 
trating certain of the parts in section to show 
the general arrangement thereof. r 

Fig.2 is a view of the top portion of the well 
above the parts shown in Fig. 1 and illustrating 
the manner of combining the two circulating 
streams of liquid and closing the upper end of 
the Wel bOre. 

Figs. 3, 4 and 5 are sections taken on the line 
3-3, 4-4, and S-5 of Fig. 1, respectively. 

Fig. 6 is a diagrammatic view showing a side 
elevation of the apparatus and equipment in op 
erating position. 
The general assembly of all of the equipment is 

best seen in Fig. 6 and in this view the well bore 
is indicated generally at 2. The producing for 
mation is adjacent the elevation 3 where the 
well bore has been enlarged in order to receive 
the filter bed of granular material . In some 
instances this enlarged area is formed by un 
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derreaming with any type of mechanical tool and 
in some instances it is formed by hydraulic cir 
culation of liquid so as to carry the formation 
out of the well bore. , The apparatus generally which is utilized in 
the construction after the enlargement has been 
formed is the set shoe 5 to which the strainer. 45 
is and the liner have been connected. The . 
graveling tool is shown in the housing , in the 
upper end of the liner at 9. This liner projects 
into the 1ower end of the casing 2, which may 
be cemented at 3 into the well bore above the 
producing formation in order to form a seal. A 
production string is extends downwardly into the 
well bore to an elevation closely adjacent the up 

50 

per end of the liner and this string of pipe is 
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position by the bolts in the casinghead 8, if 
desired. 
An inlet pipe 9 is connected to the discharge 

2 of the pump 2 so that a flow of fluid may be 
is directed to the area 22 between the casing 2 and 

the production string f S. This flow of fluid will 
move downwardly thru the area .22 and around . 
the lower end of the pipe 5 and thence upwardly 
into the area 25 inside of the production string 

10 so that it will discharge from the port 26 into 
the pipe 27. The upper end of the production 
string is closed by a head 30 which carries a 
stuffing box 3 f to form a seal about the graveling 
string 32. This graveling string in turn leads to 

is the piping 33 and thence to the graveling appa 
ratus 35; a bypass 35’ leads around the apparatus 
so as to control the flow. A pump 34 supplies 
liquid under pressure to the apparatus. 

In operation a fluid will be circulated into the 
20 inlet 36 of the graveling apparatus where it may 

or may not pick up the gravel, depending on 
whether it is directed thru the bypass 35. This 

: stream is then directed to the pipe 33 and down 
wardly into the well bore where it discharges 

2s from the graveling tool 8. If this stream carries 
particles of gravel they will be deposited as seen 
in Fig. 6 and the liquid will then pass through, 
the strainer 6 and upwardly through the liner 
9 into the production string 5. Naturally this 

so circulation will pickup sand and sediment from 
the formation 3 and it has been found that when 
this carrier liquid emerges from the graveling 
tool 8 into the liner 9 and the production string 
5, its velocity of flow is diminished. At this 

is stage of the operation the pump 2 will be used 
to discharge liquid downwardly to the chamber 
22 so that it will pass around the lower end of 
the production string 15 and upwardly into the 
chamber 25 in this string. 

40 With this supplemented flow of liquid, the rate 
of flow will be increased with the result that the 
sand and sediment will be carried along with the 
liquid and discharge from the pipe 27. This re 
sults in a better filter bed because of the carrying. 

as away of sand and sediment and also prevents 
chamber 60 in the upper end of the liner 9 and clogging of the apparatus in the well. 

Referring now to the various parts of equip 
ment, the shoe 5 is shown specifically in Fig. 1 
and is surmounted by the strainer or screen 6. 

50. Above this strainer is the blank pipe or liner T, 
which in turn connects to the graveling tool 
housing 8. w 
The gravelingtool, perse, forms no part of the 

present invention except where it is in combi 
is nation with the other parts and is fully described 

in the application for patent of Leslie A. Layne 
and Harold C. Block, Serial No. 62,028, filed Feb 
ruary 3, 1936. 

In order to understand the operation of this 
to tool, it will be described briefly as including the 

outside pipe or housing 40, which is telescopically 
arranged in the coupling 4 on the liner . A 
shoulder 42 in the liner supports the break-out 
ring 43, which is best seen in Fig. 5, as being 

as grooved at 44 so as to permit its being fractured 
after the graveling operation has been completed. 
This break-out ring 43 supports the shoe 45 or 

dental clutch of the lower end of the graveling 
tube, 46. This clutch may be semicircular as 

70 seen in section in Fig. 5 so as to orient the grav 
eling tool in the housing 40 when it is turned so 
as to settle in upon the break-out ring. The tail 
or wash pipe 47 may be carried by the lower end 
of the tube 46 so that the well might be produced 

, is directly through the tool if desired. . . . 

The tube 46 serves as a support for the packer 
or seal 48 which forms part of the graveling tool 
and is provided for the purpose of forming a seal 
about the gravel discharge pipe 49 which extends 

... through the port 49' in the housing 40. The 5 
packing 48 is compressed by means of a setting 
sleeve 50, which is telescopically arranged on the 
gravel tube 46 and is moved downwardly by the 
head 52 thereon, which is connected to the lower 
end of the gravel line 32. When some of the O 
weight of the gravel line 32 is 'applied to this 
head 52, it will move the setting sleeve 50 down 
wardly so as to expand the packing. The upper 
end of the setting sleeve 50 is grooved at 54 in 
order to allow a circulation of liquid upwardly is 
through the gravel tube 46 around the gravel 
discharge pipe 49 and thence into the upper 
end of the liner 9. 
A coupling 56-serves to connect the graveling 

tool housing 8 with the upper portion of liner 20 
9 and the lower end of this coupling may be 
provided with a sealing material 5 such as lead, 
which is arranged to form a seal with the shoul 
der 58 on the upper end of the liner . It seems 
obvious that a sharp dropping of the gravel line 2s 
32, a string of drill pipe, or any desired object 
vil impart a suficient shock to the break-Out 
ring 43 to fracture it so that it will drop out of 
position and permit the liner 9 and the packer 
70 to move downwardly. Thus, the sealing mate- 80 
rial. 57 will engage the shoulder 58. This telescop 
ing movement will be accomplished, of course, 
after the graveling operation has been completed 
and the well has been fully developed for the 
purpose of closing up the discharge port 9 is 
through which the gravel has been discharged. 

It will be understood that as previously de 
scribed there is a circulation of liquid down 
wardly through the graveling string 32, the dis 
charge port 49 and outwardly into the well bore, o' 
If this liquid carries gravel it will be deposited 
in the well bore and the liquid will then enter 
the screen 6, carrying with it any sand or sedit 
ment. It will enter the wash pipe 47, the gravel 
tube 46, and pass through the slots 54 into the is 
thence upwardly into the production string 5. 
As previously described, the additional circula 

tion from the pump 2 f will flow downwardly 
through the chamber 22 and merge with this 
stream of liquid moving upwardly from the 
chamber 60. In order to prevent the flow of fluid 
downwardly into the producing formation from 
the casing 12 a packer TO has been provided on 
the upper end 9 of the liner 7. This packer in sis 
cludes a support pipe 7.1, the packer support 2, 
and the packing 73. This packing is arranged 
for expansion due to the telescoping movement 
of the setting sleeve 74. This sleeve may be set 
by manipulation of the production string 5 or in 60 
any other desired manner. 

In operation, it is contemplated that either 
liquid or liquid and gravel may be circulated 
through the graveling apparatus downwardly 
into the well bore to wash out a cavity for the 6s 
gravel. The cavity may be preferably formed by 
mechanical underreaming or it may be formed 
by circulating the liquid with the gravel in it 
into the wellbore carrying with it sand forma 
tion by the returning carrier liquid. O 

In any event it is usual for the return liquid 
to be carrying sand and sediment and it is in 
tended that the rate of flow of this return stream 
which is aden with sand and sediment will be 
increased due to the provision of the additional 
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circulating stream of liquid from the pump 2. 
To assemble and operate the mechanism the 

set shoes, the screen, liner T and the gravel 
gate assembly with the break-out ring 48 and 
the packer 22, are set in the well in the usual 
manner with the shoe S on the well bottom, and 
after the setting string is released the packer 22 
is partially collapsed and the setting string is 

40 

55 

O 

from the well. . . . . 
3. An assembly for gravelins and developins 

removed. - Such setting string may be the pro 
diction string 5 or any other suitable string of 
pipe. The gravel tool and packer assembly 48 
are next lowered into the well by means of the 
tubing 32 and oriented by means of the dental 
clutch is on the bottom thereof, engaging the 
corresponding parts on the break-out ring 43. 
The flow string 5 is next lowered into the well 
until the bottom of the flow string is just slightly 
above the top of the liner portion.9. 

It is possible to alter this procedure by running 
the gravel tool assembly into the well on the 
flow string is, in which case there would be ports 
through the walls of the pipe iust above the 
liner packer 9. The tubing string 2 would then 
be run into the well and engaged with the gravel 
tool assembly. . . " 

After the graveling operation has been con 
pleted the tubing 2, the gravel tool assembly, 
and the flow string is are removed from the well 
and a string of drill stern or tubing is then run 
into the well and the break-out ring 3 is broken 
out, and the gravel gate mandrel 8, the collar S, 
and the liner portion 9, are all moved downwardly 
until the lead sea contacts the shoulder 5, 
thus closing the gravel gate. The liner portion 9 
is then completely set by additional downwar 
movement and the well is completed. 
While the term "gravel” has been applied to 

the divided material to be deposited, it is to be 
understood that such tern may include any suit 
able granular or divided material which will form 
a filter bed. The oil string or development pipe 
string may be omitted in some instances or . 
the added circulation forced through the gravel 

Broadly, the invention contemplates that 
graveling and developing of a well may be car 
ried on under heavy pressures encountered in 
oil wells so that the pressures may be controlled 
during the operation, and that oil or gas wells 
may be underreamed to provide space for the 
gravel regardless of whether they 
or wells being reworked. . 
What is claimed is: . 
i. An apparatus for completing wells compris 

ing a Well casing, an oil string therein, a well 
botton assembly including a set shoe, a strainer 

are new wells 

and a packer to be set to form a seal with said 
casing, a graveling string and tool to discharge 
gravel around said screen, means to circulate 
liquid and gravel down said gravel string and to 
return the carrier liquid upwardly through the 
well bottom assembly into said oil string, and 
additional means to circulate liquid down said 
casing and into said oil string to facilitate the 
return circulation of the carrier liquid. 2. Ina wel graveling and developing assembly 
a plurality of strings of pipe in the well, means 
to direct a carrier liquid down one string, means 
to directa. circulating liquid down another string, 
and a third string to receive the combined return 
of both of the other two strings so that the rate 
of return flow through said third string will be 
at a greater rate so as to carry divided material 

3 
Wells which comprises fin combination a well cas 
ing, a pump connected to discharge liquid into 
said casing, a valve in said connection, a casing 
head on said casing and a production string of 
pipe supported therein, a discharge from said 
pipe, a valve in said discharge, a graveling line 
inside of said string, graveling apparatus con 
nected to said line, and a valve in said line, the 
closing of said valves serving to completely close 
in the We. 

4. An assemby for graveling and developing 
Wells which comprises in combination a well cas 
ing, a pump connected to discharge liquid into 
said casing, a valve in said connection, a casing 
head on said casing and a production string of 
pipe supported therein, a discharge from said 
pipe, a valve in said discharge, a graveling line 
inside of Said string, graveling apparatus con 
nected to said line, and a valve in said line, the 
closing of said valves, serving to completely close 
in the well, a strainer at the bottom of said cas 
ing, a graveling tool on said graveling line to 
discharge gravel from said apparatus about said 
strainer, and a packer between said strainer, and 
said casing so that the circulation from said 
pump and said apparatus will be combined to 
return through said production string. 

5. In a well graveling and developing assembly 
including a casing, a return string of pipe, a 
graveling line and a strainer, the combination of 
a seal between said casing and strainer, the 
lower end of said production string being open 
to said casing and to the top of said strainer, 
a pump to circulate liquid or liquid and gravel 
downwardly.through said gravel line so as to dise 
place sand from the formation which will be car 
.ried into said production string by the return 
circulation, and means to supply an additional 
circulation downwardly through said casing to be 
combined with the first return circulation so as 
to increase the rate of flow of the returning cir 
culation whereby the sand is carried from the 
Well, .. 

6. In combination with a well strainer, a 
graveling tool, means to discharge liquid and 
gravel therefrom and about said strainer, a return 
line for the liquid, and means including a casing 
in the well to direct an additional flow of liquid 
into said, return line. 

7. An apparatus for completing wells compris 
ing a well casing, an oil string therein, a well 
bottom assembly including a set shoe, a strainer 
and a packer to be set to form a seal with said 
casing, a graveling string and tool to discharge 
gravel around said screen, means to circulate liq 
uid and gravel down said gravel string and to 
return the carrier liquid upwardly through the 
well, botton assembly into said oil string. 

O 
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8. In the art of preparing an oil well for grav 
eling, the steps of underreaming the oil stratum 
below the casing to provide a gravel chamber, 
setting a screen in the gravel chamber, and seal 
ing the space between the Welli screen and the 
casing at the top of such chamber to provide a 
closed area about the screen to receive gravel. 

9. In the art of graveling an oil well, the steps. 
ot underreaming the oil stratun belov the Wel 
casing to provide a gravel chamber, setting a 
strainer in the enlarged chamber, sealing the 
space between the top of the strainer and the 
well casing, and further seating the well at the 
casing head on top of the casing whereby cone 
trol of the wel pressures is possible, and fling 
the chamber. with gravel. 

10. A method of preparing an oil well for grav 

70 
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4. 
eling, including enlargíng the well bore at the 
producing stratum below the casing, setting a 
strainer pipe and liner in the enlarged well bore, 
sealing the space between the liner and the cas 
ing with a packer, providing an opening through 
the wall of the liner below the packer, and seal 
ing the casing head on top of the casing whereby 
the well pressures may be controlled. 

11. A method of preparing a gravel chamber in 
oil wells comprising the steps of underreaming 
the productive formation, setting a screen in the 
underreamed area, sealing around the top of the 
screen to close of the underreamed chamber 

4,164,481 
from the well bore thereabove, and depositing a 
body of gravel in such chamber. - - - 

12. An apparatus for completing wells com 
prising a well casing, a weli botton assembly in 
cluding a set shoe, a strainer and a packer to be. S 
set to form a seal with said casing, a graveling 
string and tool to discharge gravel around said. 
screen, means to circulate liquid and gravel 
down said gravel string and to return the carrier 
liquid upwardly through the "well bottom assem- lig 
bly into an oil string. 

LESLIE A. LAYNE, 


