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This invention relates to a method of flowing
wells and more particularly by what is known as
the gas lift process. In this method of flowing
wells, gas or other pressure medium is compressed

g to high pressures at a central system and dis-
patched to the different wells to supplement for-
mation pressure in lifting the well fluid to the
top of the well. Upon continued flowing of the
wells, the formation pressure gradually dimin-

10 ishes and often becomes so depleted that it can-
not move the fluid from the formation into the
well as fast as it can be elevated by the induced
_pressure medium. When this occurs, it becomes
necessary to flow the wells intermittently to allow

15 time for sufficient head of fluid to accumulate in

the wells to provide the required submergence”
necessary in effecting lift of the well fluid when -

the pressure medium is again induced. into the
wells, )

20 After a well has been shut down, it requires. -

much higher pressure to restart the flow or ef-
fect “kick-off” than is required to maintain
flow. It also requires considerable time for the
" compressor units to build up sufficient pressure to
break through the static head of oil accumulated
in the well. Consequently, the central system
must be designed to furnish far greater power
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than is necessary to normally maintain flow of .

the well in order to provide the kick-off pres-
q¢ sures. Therefore, the cost of ‘the equipment is
extremely higher than would be the case if sub-
stantially constant pressures- are maintained.

Furthermore, the larger equipment increases the'

operation and maintenance costs. .
g5 It is, therefore, the principal object of the
present invention to provide 4 more economical
method of producing intermittent flow and with-
out placing widely varying loads on the power
and compressor system.
40 It is a further object of the invention to pro-
vide a storage of the pressure medium that can
be built up during off periods and which is avail-
able to kick-off and maintain fiow of an inter-
mitted well in a shorter period of time than can
be accomplished by compressor units acting alone.
A further object of the invention is to provide a
safe, practical and inexpensive method of storing
the pressure medium for use in supplementing
the compressor unit.
In accomplishing these and other objects of the
invention, as hereinafter pointed out, I have pro-
vided an improved arrangement of well flowing
apparatus as shown in the accompanying draw-
55 ing, wherein the single figure represents a typical
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plan for intermittently flowing a plurality of wells
in accordance with the present invention.
. Referring more in detail to the drawing:

1,2, 3 and 4 designate the wells of a typical oil

. lease wherein the bore holes 5 are drilled into an 5

oil producing formation 6 and from which the oil
flows under formation pressure upwardly through
the well casings T, casing heads 8, branch lines 9
and connecting flow line 18 to a separator (1,
wherein the cil is separated from the pressure 19
medium as in conventional practice. )

After separation of the gaseous and liquid con-
stituents of the flow, the separated liquids are
discharged through an off-take line 12 and the
gases through g line 3. 15

Should the formation pressure be insufficient to
effect the flow, or in case the formation pres-
sure becomes depleted after contintous flowing
of the well, mechanical means is provided for in-
ducing a supplemental pressure medium into the o4
well to assist the natural pressure medium in lift-
ing the well fluid. ’ .

This is accomplished by inserting a string of
tubing 14 through the casing head of each well
so that the lower end thereof extends into the o4
column of fluid contained in the casings T suf-
ficiently to provide the proper submergence nec-.
essary in effecting lift of the oil by the induced
pressure medium.

The pressure medium is supplied to the tubings 3,
14 by a compressor unit 15 having discharge con-
nections 16 connected with a pressure line or
manifold 17 having branch lines 18 leading to the
upper ends of the respective well tubings so that
a high pressure medium is discharged down- g5
wardly through the tubings for escape through
the lower ends thereof and effects lift of the fluid
as in conventional air or gas lift practice. The
fluid upon discharge from the wells. flows to the
separator where the pressure medium is separated 4q
and discharged through the pipe 13 and delivered
to the intake connections 19 of the compressor
unit.  The pressure medium is then recycled
through the system to provide for continuous flow
of the well. -

At times it may be desirable to inject the pres-
sure medium through the well casings and to
provide for well flow through the tubings 14
and therefore the branches i8 are connected with
the casing heads 8 by suitable connections 20 and
the discharge lines are connected with the tub-
ings by similar connections 21, the connections
being provided with shut off valves 22 and 23,
respectively. The branches 9 and I8 are also
provided with shut-off valves 24 and 25 whereby 55
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flow therethrough may be shut-off when the
valves are opened. :
As above pointed ouf, the formation pressure

"may become depleted so that it is impossible

to deliver the oil into the well as fast as it can
be elevated by the induced pressure medium.
When this occurs, it is hecessary to provide for

" intermittent flow of the respective wells.
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In ordinary practice, this is accomplished by
shutting off the valves 25 in the branches I8 of
selected wells so that the pressure medium is
diverted to the other wells while the required
submergence is being reestablished in the shut
off wells. Then when the flowing wells have
delivered their charges, the shut off valves 25 for
those wells are closed and the valves 22 for the
shut off wells are reopened to allow admission of

pressure medium which effects removal of the oil |
-that has accumulated therein. Thus, the wells

are operated intermittently, but to start the
shut off wells, much greater pressure and velocity
is required to elevate the oil than is normally
required to maintain flow. This necessitates de-
signing the power unit so that it will have ample
power and capacity to furnish the required pres-
sure and volume to effect kick-off or start the
wells. i

As -above pointed out, it is the purpose of the
present invention to provide s more economical
operation by providing  a supplemental storage

whereby the pressure medium may be stored -

under pressure of the compressor unit for dis-
charge into the wells in cooperation with the

discharge from the compressors to effect the

kick-off.
By using the gas under storage for supple-
menting that furnished by the compressor unit,

the compressor unit can be operated under sub-

stantially constant load so that a smaller unit
may be employed to not only reduce the expense
of initial installation, but also the maintenance
and operating cost of the system.

Owing to the large volume of high pressure
gas required, forms of external storages are out
of the question because they cannot be . prac-
ticably constructed for holding high pressure in
the volume required. . .

To overcome this difficulty, I have found that
a well, for example, a, 6500 foot well in the Okla-
homa, field containing 6000 linear feet of casing
provides an annular space exteriorly of the tubing

.plus space within the tubing to hold. approxi-

mately 511,000 cubic feet of gas at approximately
500 pounds pressure which with approximately
66,000 cubic feet in the discharge system of the
plant provides ample storage for the reserve gas
supply, Such a storage chamber is always
available due to the fact that the wells are
ordinarily flowed in intermittent rotation and

‘one of them can be used for storage purposes

while the other wells are being flowed and then
one of the intermitted wells may be shut down
to serve as storage to assist flow of the well which
has been previously shut down and used for
storage purposes.

This type of storage is not only capable of
handling the required amount of gas, but is far
safer than the above surface storage and has the
advantage of maintaining velocity of the gas
flowed therefrom at a ‘more nearly constant
value. This is, of course, due to the extremely
great length and relatively small diameter of
the storage space which causes the flow therein
to take the characteristics of flow through an
ordinary pipe line. Consequently, the storage
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gas is dispatched into the delivery system at sub-
stantially uniform high velocity which, of course,
is essential in kicking-off one of the wells.

In using this type of storage, means must be
provided for retaining the gas under storage
from acting against the formation pressures
which cause movement of the oil into the well.

In the illustrated instance, this is accomplished
by an intermitter 26 which is attached to the
lower end of the tubing 14 and includes a, tubular
section 2T conforming in diameter to the tubing
and has its upper end coupled thereto by a
coupling 28. The lower end of the section is
provided with a plurality of gas outlet ports or

perforations 29 and is closed by a cap 30 forming )

a guide for the stem 31 of a valve 32 later de-
scribed. Carried by the perforated section is an
outer tubular section 33 of larger diameter to
form an annular space 34 about the perforated
section. .

The upper end of the outer tubular section has
openings 35 therein for the outlet of oil and the
lower end thereof has a valve cage 36 connected
thereto and provided with a valve seat for seat-

ing the valve 32 previously mentioned. The out- 2

er tubular section carries a suitable packing 31
which is located below the outlet openings 35 to
sealingly engage with the wall of the casing and
provide a closed bottom for cooperating with the

valve in supporting the hydrostatic head of oil 2

in the casing when the well is fiowing, and to
withhold the storage pressure from the forma-
tion when that well is being used for storage
purposes. ,

The valve also has a depending stem extending
through a bearing opening in the bottom of the
valve cage to guide the valve to and from its
seat incidental to flow of well fluid into the an-
nular space or tubing or to the pressure exerted
thereagainst by the pressure medium when the
well is under flow or being used for storage pur-
poses. The valve cage 36 is provided with inlet
openings 38 through which the well fluid flows to
lift the valve for flow into the annular chamber
and upwardly therethrough to the ports 35, where
it is discharged into the well casing to stand at
a level where the hydrostatic head balances the
formation pressure. -

When this occurs, the valve seats to trap the
column of oil therein. Then when the pressure
medium is turned on, it is delivered through the
tubing for discharge through the plurality of
ports to cause blowing of the oil to the top of the
well from where it is delivered to the separator
as above described.

When the well is to be used for storage pur-
poses, the air pressure carried within the casing
seats the valve to hold the pressure and prevent
its acting against the formation pressures.

In operating a system constructed as deseribed
and assuming that the well | is to be used for
storage while the wells 2, 3 and 4 are being flowed,
the valve 39 in the branch line 9 is closed. Gas
then discharged from the compressor is delivered
through the pipe 17 and discharged into the cas-
ing and tubing. When the compressor has built
up the required storage pressure in the wall | , the
air and flow valves of the other wells are opened
in rotation to cause successive flow of gas from
the well storage and compressor into the respec-
tive wells to be flowed. ’

As soon as the pressure preponderates over the
pressure of the hydrostatic head of fluid in the
first well to be flawed, the gas will start bubbling
therethrough to start elevation of the oil to the
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top of the -well from where it is delivered
through the branch lines 9 into the flow line i8
and to the separator 1 where the oil is separated
from the gas and discharged through the offtake

_-pipe {2,

‘The separated gas is delivered through the pipe
13 to the intake of the compressor unit for re-~
cycling through the system and for restorage.

With a well having a storage capacity above
noted and with compression intake and discharge
pressures of 10 and 500 pounds, respectively, the
wells 2, 3 and § can be flowed intermittently at 55
minute intervals with gas being introduced into
the respective tubings for 5 minute periods per
‘well. This takes essentially 10,000 cubic feet for
each well or 30,000 cubic feet for all three wells
which would not exceed one-half of the plant
capacity while reserve storage is being used to
maintain the discharge pressures. After the
wells 2, 8 and 4§ have been successively flowed in
intermittent periods over s space of time, one of
these wells may be shut down and used for stor-
age purposes while the well 1 is placed under in-
termittent flow along.with the other two wells.

It is thus obvious that the wells can be used
in rotation for storage purpose so that all of the
wells are flowed in regular turn,

From the foregoing it is obvious that I have
provided an efficient and adequate storage for
intermittently operating a plurality of wells with
a relatively small compressor unit and that by
providing the-intermitter the pressure of the
stored gas Is not lost into the formation, nor does
1t act against the pressure therein when the well
is being used as a reservoir or storage chamber.

What I claim and desire to secure by Letters
Patent is: :

1. The method of flowing a plurality of wells-

including supplying a pressure medium to one of
a group of wells to be flowed, storing the com-
pressed pressure medium in said well, intermit-
tently delivering pressure medium from the
storage well to other wells in the group to effect
flow of fluid from said wells, periodically divert-
ing supply of pressure medium to and building

up storage of said medium in a previously flowed

well in the group, and delivering stored pressure
medium from storage in the last named well to
the well first used for storage for flowing that
well,
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2. The method of flowing wells including stor-
ing a compressed pressure medium selectively in
one of g group of wells to be flowed, delivering
bressure medium from such storage selectively
to the other wells in the group, and periodically
reversing cohnection between the storage and
a flowed well.

3. The method of flowing wells including stor-
ing a pressure medium in one well, delivering
the pressure medium from said well to another
well for effecting flow of said last named well,
and reversing said operations whereby the wells
are alternately flowed and used for storage.

4. The method of flowing wells including sup-
plying a pressure medium, storing a portion of
said supply of pressure medium in one well, de-
livering the pressure medium supply in supple-
ment with the stored pressure medium to an-
other well for effecting flow of said last named

well, and reversing said operations whereby the -

wells are alternately flowed and used for storage.

5. The method of flowing wells including stor-
ing a pressure medium in one well, delivering the
pressure medium from said well to another well
for effecting flow from said last named well, re-
taining said pressure medium from acting on the
preducing formation into which the wells are
drilled, and reversing said operations whereby
the wells are alternately flowed and used for
storage.

6. The method of flowing wells including sup-
plying a pressure medium, storing a portion of
said supply in one well, delivering the pressure
medium supply in supplement with the stored

pressure medium to another well for effecting :

flow of said last named well, retaining said pres-
sure medium from acting on the producing for-
mation into which the wells are drilled, and re-
versing said operations whereby the wells are
intermittently flowed and used for storage.

7. The method of flowing a group of wells in-
cluding storing a pressure medium in one well
periodically and successively, delivering the
bressure medium to the other wells in the group
to effect successive flow of said wells, collecting
and compressing said pressure medium from the
flowing wells, and delivering said pressure me-
dium for storage in one of the previously fowed
wells for effecting flow of said other wells in-
cluding the well previously used for storage.

WILLIAM L. CLARK.
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