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The present invention is directed to a screen -

assembly for use in gravel packing operations in
‘a cased well bore traversing a lohg producing
assembly. More particularly, the invention is
directed to an improved sereen asseinbly and a
method for arranging same in & well casing in a
well bore traversing a long producing assenibly.

The apparatus of the presetit inveition may
be described as involving a plurality of screen
sections adapted to be arranged in a cased well

bore one upon another, each of thé screen sec-

tions having a valve in an upper end thereof
adapted to be held in an open position. Each of
the plurality of screen sections is provided with a

releasing means on an upper end of the screen !

seetlon adjacent the valve for releasing a screen
section from a pipe string to which the screen
section is attached. The screen sections have a
latching means arranged on an exterior surface
thereof adjacent the upper end and an engaging
means on a lower end of each of the sections
other than a lowermost of said sections. A res
trievable wash pipe which defines with an outer
surface adjacent its upper end withdrawing
‘means engageable with an inner surface of a
lower end of said pipe string for withdrawing said
wash pipe is arranged sequentially in the lower-
most of said sections and thence in a next higher
of said sections. The wash pipe holds the valve
in an open position when the wash pipe is in a
particular section and the valve in each section
.is adapted to close on withdrawal of the wash
pipe therefrom. The latching means on the up-
per end of eac¢h section is adapted to engage with
an engaging means on the lower end of a next
higher section to conneet said sections and to
form & continuous internal passageway.

The invention also involves a method for ar-
ranging the screen sections in a ¢asing in a bore-
hole traversing a long producing interval and

includes the steps of perforating the casing at a’

lower point therein in the producing interval. A
first cavity is washed out in the producing iriter-
val adjacent the perforations following which
gravel is deposited in the casing and in the cavity

to fill substantially completely the cavity and to’

provide & bed of gravel in the casing to a point
above the cavity. Thereafter a tubing string is
lowered in the casing to which is attached a first
sereen seetion. The sereen section has arranged
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therein a retrievable wash pipe. The tubing
string carrying the scréen section is then washed
down through the gravel in the casing until a
lower screen section is washed down opposite the
perforations in the casing. The tubing string is
then released from the first sereen sectioh and
the wash pipe withdrawn from the first Séreen
section. The casing is then perforated above the
first perforation and a second cavity is washed
out in the producing interval adjacent the second
perforations. Gravel is deposited in the casing
and in the second cavity. to fill sibstantially said
second cavity and to provide a bed of gravel in

-the casing above the first screen section. The

tubing string having a second screen section at-
tached thereto in which the wash pipe is ar-
ranged is then lowered in the casing and the
second screen section -is washed downwardly
through the gravel until a lower end of said sec-
ond screen section engages with the upper end of
the first screen section. The tubing string is then
released from the second screen section and the
wash pipe is withdrawn from.the sécond screen
section. The sequence of operations is repeated
until a desired number of screen sections: have
been arranged in the casing one upon another.
An internal passageway is then established
through the screen seetions and thereafter the
well may be produced. During the time the
screen sections are in the bed of gravel in the well
casing, the. sereen sections are maintained sub-
stantially free of gravel.

The . present invention will be further de-
seribed by reference to the drawing in which

Fig. 1 is a sectional view of a lower screen sec-
tion of a plurality of screen sections;

Fig. 2 is a cross<sectional view of screen sec-
tions adapted to be engaged with the screen sec-
tion of Fig. 1; and - .

Figs. 3 through 11 are illustrations of the se-
quence of operations in which the sereen sections.
are arranged in a cased well bore.

Referring nnow to the drawing, numeral §{ des-
ignates a first screén section which is provided
with centralizers or stabilizers 2. The screen
section Hf términates at its lower end in a back
pressure valve 13, - At an upper erid of the screen
section 15 & valve, such as 4 clapper-type valve 14

5 ) normally urged iibto 3 closed Dosition by springs

1%, which is pivetally conniected af points -5 to
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the upper end of the screen section. Arranged
in the screen section 1 I is a retrievable wash pipe
1§ which defines with an upper outer surface a
shoulder i1 and which is provided with a sealing
means, such as a rubber seal 18. As shown, the
wash pipe 1§ holds the clapper-type valve {4 in
an open position. At an upper end of the screen
section {1 is a releasing means {8 which serves
to connect to and release the screen section i
from & lower end of a pipe string 20. The pipe
string 20 is shown as being increased in size from
the portion 24 but it is to be understood that the
pipe string 20 may be of uniform size, if desired.
Below the releasing means 19 on the outer sur-
face of the screen section I are latching means
22, such as dogs. The pipe string 20 is provided
with a member or engaging means 23 which is
adapted to engage with the shoulder 17 to allow
the wash pipe 16 to be withdrawn when the pipe
string 20 is released from the sereen 11 and pulled
upwardly in the casing.

Referring now to Fig. 2 in: which: identical
numerals will be employed to designate identical
parts to those of Fig. 1, numeral 30 designates a
second screen section provided with stabilizers
or centralizing means 12 in which is arranged
wash pipe 6. The second screen section 30 is
attached to pipe string 208 by releasing means 19
as has been described with respect to Fig. 1.
The second screen section 30 is also provided with
clapper-type valves {4 which are held in an open
position by wash pipe 16 when it is in second
screen section 30. Like screen section {i, screen
section 30 is provided with dogs 22. Screen sec-
tion 30 has an expanding sleeve 31 on a lower end
thereof which is adapted to engage with the upper
end of screen section 1. The expanding sleeve
fits over the upper end of screen section il and
engages with dogs 22. Arranged in the screen
seetion 30 is a ring 32 defining recesses 33 in
whieh is arranged an O-ring 34. O-ring 34 allows
a tight seal to be made between the wash pipe
16 and the lower end of screen section 30 and
between the pipe 16 and lower end of screen sec-
tion 30°.

Referring now to Figs. 3 through 11, a step-
wise description of the mode of using the appa-
ratus of Figs. 1 and 2 will be given. In step 1
of Fig. 3 a well bore 39 in the earth’s surface has
penetrated a desirable producing interval 40.

- This producing interval 40 contains areas A, B,
and C from which it is desired to obtain produc-
tion. A casing 41 has been landed in the well
bore 39 and perforated in area A to provide per-
forations 42. A cavity 43 has been washed out in
the area A and gravel deposited in the cavity 43
to fill it substantially completely and ‘to provide
a bed of gravel 44 extending above the cavity 43.
The tubing string 20 having attached thereto a
screen section |1 is lowered into the casing 41 and
washed downwardly through the gravel 44 by cir-
culating salt water and the like' downwardly
through wash pipe 16 and outwardly through
back pressure valve i3. The salt water proceeds
up the annulus 50 between the pipe string and
the casing, and thence to the well head. Affter
the screen section i1 has been landed the pipe
string 20 is disconnected by backing off to the
right and the pipe string and the wash pipe pulled
from the casing. As the wash pipe is pulled from
the screen section {1 the clapper-type valve 14
closes, preventing entry of gravel and leaving the
screen section 11 arranged in the casing as shown
in step 3, the foregoing operations being illus-
trated by steps 1 and 2. Gravel is deposited to a
height in the casing 41 to cover the screen sec-
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tion 11 and extend to about & foot above the clap-
per-type valve I4. Thereafter, as illustrated in
step 4, the casing 41 is perforated at a point above
the first cavity to form perforations 8f. This can
be accomplisheqd by lowering a gun perforator in
the casing 41 and shooting as is well known. The
area B is then washed out employing a suitable
washing tool to form a cavity 52 which is sub-
stantially completely filled with gravel, as shown
in step 4, by depositing gravel in the casing &
and washing gravel outwardly into the cavity §2;
thus a bed of gravel is formed in the casing 41
that extends upwardly in the casing 41 to a point
at least as high as the second cavity 52, salt water
being used to wash the second screen section
downwardly. The second screen is washed down-
wardly in the casing 41 until the expanding sleeve
3{ engages with dogs 22 on the upper end of
screen section if. The pipe string 20 is then ro-
tated to the right to release the second screen
section 30 at releasing means #9. This causes
wash pipe 17 to be pulled from the screen sec-
tion 30 and causes the clapper-type valves 14 in
screen section 38 to close. These operations are
shown in steps 5 and 6 of Figs. 7and 8.

Thereafter the casing 41 is perforated at a
third point therein above the perforations 51 by
lowering a gun perforator or the like and shoot-
ing to form perforations 60. A cavity 61 is then
formed by washing out the area C employing a
wash tool of a suitable nature. Gravel is depos-
ited in the casing 41 to fill substantially com-
pletely the cavity 61 and to extend the height of
the bed 44 to a point at least as high as the
upper point of cavity 61. It will be noted that
the clapper-type valve 14 in screen section 30 is
closed thereby preventing gravel from falling info
the screen section 30.

The pipe string 20 to which is attached a third
screen section which is similar to screen section
30 and which may be designated by the numeral
30’ is lowered into the casing 4( and the screen
section 30’ is washed downwardly through the
gravel bed 44 by circulating salt water or the like
downwardly through wash pipe {6. The screen
section 30’ is washed downwardly until the ex-
panding sleeve 31’ engages with the dogs 22 of
screen section 88. The pipe string 20 is then
backed off to the right and the screen section
30’ released therefrom, the wash pipe {6 being
withdrawn as the pipe string 20 is raised. On
withdrawal of wash pipe 16 the clapper-type valve
14 of screen section 30’ closes preventing gravel
from falling into the screen section. Gravel may
then be deposited in the casing 41 to extend the
bed 44 to a point above the clapper 4 of screen
section 30°. The sequence of operations may be
continued, if desired, to arrange any number of
screen sections one upon the other, as has been
described. When it is desired to produce from
the formations of sections A, B, and C, the clap-
per valves (4 in the several screen sections may
be drilled or milled out to establish a continuous
internal passageway. Rather than drilling or
milling out the valves i4, it may be desirable to
construct the clapper-type valve i4 of a corrod-
ible metal, such as aluminum and allow them
to be corroded oub by electrolytic action. In
any event, a continuous internal passageway is
provided by removing the clapper-type valves.

From the foregoing description faken with the
drawing it will be seen that long producing in-
tervals may have screen sections arranged therein.
It is also possible to perforate at selected points
in a casing and arrange screen sections therein.
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Our invention eliminates the problem of arrang-
ing screen sections in long producing intervals
which, in some fields, may -be as much as 1000
feet vertically. Where sand production is a
broblem it is difficult to arrange screen sections
in 2 perforated easing other than by the prac-
tice of the present invention. _ -

‘The nature and objects of the present invention
having been completely described and illusfrated,
what we ‘wish to claim as new and useful and to
secure by Letters Patent is:

1. A screen assembly for use in long producing
intervals which comprises, in combination, a plu-
rality of screen sections adapted to be arranged
in a cased well bore one upon another each hav-
ing a valve in the upper end thereof normally
urged into a closed position, releasable connect-
ing means on each of said sections adjacent the
valve for connecting to and releasing a section
from a pipe string, latching means on the ex-
terior surface of each section adjacent the upper
end, engaging means on the lower end of each
of said sections other than the lowermost of said
sections, and a retrievable wash bipe carried by
the lower end of said pipe string slidably ar-
ranged in the section connected to the pipe
string holding the valve in said section in an
open position, said engaging means and latching
means being engageable with each other to con-
nect said sections and form a continuous inter-
nal passageway. .

2. A screen assembly for use in long producing
intervals which comprises, in combination, a plu-
rality of screen sections adapted to be arranged
in a cased well bore one upon another each hav-
ing a valve in the upper end thereof normally
urged into a closed position, releasable connect-
ing means on each of said sections adjacent the
valve for connecting to and releasing a section
from a pipe string, latching means on the ex-
terior surface of each section adjacent the upper
end, expanding sleeves on the lower end of each
of said sections other than the lowermost of
sald sections, and a retrievable wash pipe carried
by the lower end of said pipe string slidably ar-
ranged in the section connected to the pipe
string holding the valve in said section in an
open position, said wash pipe being provided with
a shoulder adjacent its upper end engageable
with the inner surface of the lower end of said
pipe string for withdrawing said wash bipe, said
expanding sleeves and latching means being en-
gageable with each other to connect said sec-
tions and form a continuous internal passage-
way.

3. A screen assembly for use in long producing
intervals which comprises, in combination, a plu-
rality of screen sections adapted to be arranged
in a cased well bore one upon another each hav-
ing a valve in the upper end thereof normally
urged into a closed position, releasable con-
necting means on each of said sections adjacent
the valve for connecting to and releasing a sec~
tion from a pipe string, latching means on the
exterior surface of each section adjacent the
upper end, expanding sleeves on the lower end of
each of said sections other than the lowermost
of said sections, a retrievable wash pipe earried
by the lower end of said pipe string slidably ar-
ranged in the section connected to the pipe
string holding the valve in said section in an
open position provided with a shoulder adjacent
its upver end engageable with an inner surface
of the lower end of said pipe string for with-
drawing said wash pipe, said expanding sleeves
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6
and latching means being engageable with each
other to connect said sections and form a con-~
tinuous internal bassageway, and a back pres-
sure valve on a lower end of the lowermost of
said seetions.

4. A screen assembly for use in long produe-
ing intervals which comprises, in combination, a
plurality of screen sections adapted to be ar-
ranged in .a cased well bore one upon another
each having g -clapper-type valve in the upper
end thereof normally urged into a closed ‘posi-
tion, pipe threads on each of said sections below
sald clapper-type valve for connecting to and
releasing a section from a pipe string, latching
dogs on -the exterior surface of each section ad~
jacent the upper end, an expanding sleeve on
the lower end of each of said sections other than
the lowermost of said sections, and a retrievable
wash pipe carried by the lower end of said pipe
string slidably arranged in the section connected
to the pipe string holding the valve in said sec-
tion in an open position provided with a shoulder
adjacent its upper end means engageable with
the inner surface of the lower end of said pipe
string for withdrawing said wash bipe, said ex-
panding sleeve and latching dogs being engage-
able with each other to connect said sections and
form a continuous internal passageway.

5. A screen assembly for use in long produc-
ing intervals which comprises, in combination, a
plurality of screen sections adapted to be ar-
ranged in a cased well bore one upon another
each having g clapper-type valve in the upper
end thereof normally urged into a closed posi-
tion, pipe threads on each of said sections below
said clapper-type valve for connecting to and re-
leasing a section from a pipe string, latching
dogs on the exterior surface of each section ad-
jacent the upper end, an expanding sleeve on
the lower end of each of said sections other than
the lowermost of said sections, a retrievable wash
bipe carried by the lower end of said pipe string
slidably arranged in the section connected to
the pipe string holding the valve in said section
in an open position provided at its upper end
with a shoulder adapted to engage with the
lower end of said pipe string for withdrawing
said wash pipe, said expanding sleeve and latch-
ing dogs being engageable with each other to
connect said sections and form a continuous in-
ternal passageway, and g baclk pressure valve on
a lower end of g lowermost of said sections,

6. In a method for arranging a plurality of
screen sections in a casing in a borehole travers-
ing a long broducing interval in which the casing
has been perforated at a lower point therein
and a first cavity formed in said producing in-
terval adjacent the perforations in said casing
and said first cavity substantially completely
filled with gravel and g bed of gravel formed in
said casing to a point above said cavity, the steps
of lowering a tubing string in said casing having
a first screen section attached thereto at a lower
end in which is arranged a retrievable wash pipe,
washing said first screen section downwardly
through the gravel in said casing, releasing said
tubing string from said first screen section and
withdrawing the wash pipe from said first screen
section, perforating said casing at a point above
the first perforations, washing out a second cavity
in said producing interval adjacent said second
perforations, depositing gravel in said casing and
in said second cavity to fll substantially said
second cavity, and to Provide a bed of gravel in
said casing above the first screen section, lower-
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jng the tubing string in said casing having a sec-
ond screen section attached thereto at a lower
end in which is arranged the retrievable wash
pipe, washing the second screen section down-
wardly through the gravel in said casing until
a lower end of said second screen section en-
gages with an upper end of said first screen sec-
tion, releasing said tubing string from sajd sec~
ond screen section and withdrawing the wash
pipe from said second screen section, and repeat-
ing the sequence of operations until a desired
number of screen sections have been arranged
in the casing one upon another.
i : GUSS F. ABENDROTIHL
GILBERT H. TAUSCH.
JEREMIAH WARD IIL
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