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This invention relates to improvements in a liquid con 
trol for gas wells and more particularly to devices for 
limiting and removing accumulations of liquids which 
Would otherwise interfere with gas production. 

Liquids such as water and/or oil, etc. tend to accumu 
late in Inany producing gas wells. It is necessary to re 
nove these liquids, particularly the Water, because the fill 
ing up of the bore hole restricts the flow of the gas. If 
not removed, the water level will rise or build up in the 
bore hole and in time will “kill” the well or stop the flow 
of gas completely. 

Various methods are presently being utilized to remove 
accumulations of water from gas wells. In some instances, 
it is pumped out by the conventional rod-type pump driven 
by a pinping unit at this surface. In other Wells, a 
Small tubing string is installed from the surface down 
into the well bore, and the gas preSSure in the well is used 
to flow the water out through the tubing string. The flow 
provided in this manner can be either constant or inter 
mitten. However, constant flow is extremely wasteful be 
cause, Once the Water is exhausted from the well, the gas 
under pressure contained therein is vented directly to the atmosphere. 
Known systerns for providing intermittent flow through 

the tubing string are controlled either manually or by 
cycle timer devices. Manual control is costly because it 
requires almost constant attendance at each well in order 
to open the valve in the tubing string when a certain quan 
tity of water accumulates and to close the valve as soon 
as the accumulation of water is exhausted from the well. 
Cycle timers are inefficient, costly, and require fairly con 
stant attendance. If the valve in the tubing string is left 
open for too short a period, not all of the water will be 
exhausted from the well during each cycle and a water 
buildup will occur. If the valve is left open for too long 
a period, all of the water . will be exhausted and very 
considerable quantities of gas will be allowed to escape. 

In quite deep or comparatively low pressure wells, the 
Stored energy contained in the compressed gas is not suffi 
cient to lift the column of liquid contained in the tubing 
String and the described modes of operation are impos 
sible. In such cases, devices known as “gas lifts” have been 
employed to inject gas from the well bore into the tubing 
String in Such manner as to lift relatively short columns 
or “slugs' of liquid through the tubing string to the sur 
face. However, the foregoing comments relating to manual 
and cycle timer intermittent flow control apply equally to 
these gas lift devices. 
The present invention contemplates an apparatus for 

automatically controlling the removing of the accumula 
tion of liquids from gas well by lifting slugs of liquid 
through the tubing string only so long as liquid is avail 
able at the entrance thereto. This is accomplished by 
mounting an automatic, bucket-type liquid-gas separator 
at the lower end of the tubing string in such manner as 
to coact with a gas lift device or devices to produce the 
desired results. The tubing string is open to the well bore 

O 

5 

20 

25 

30 

40 

45 

5 O 

60 

65 

2 
only when liquid is available, and the gas lift device is re 
Sponsive to the static head of the liquid rising in the tub 
ing String to inject the compressed gas from the well bore 
into the tubing 'string beneath a column or Slug of liquid 
of the desired height, the gas lift device being formed to 
shut off the flow of gas from the well bore to the tubing 
String in response to a pressure drop therein which occurs 
as Soon as the liquid slug is discharged at the surface. 

Accordingly, it is a principal object of the present in 
Vention to provide an apparatus for automatically con 
trolling the removing of the accumulation of liquids from 
Wells providing a substantial gas pressure in the well bore. 

Another object of the present invention is to provide 
an apparatus of the character described which will auto 
matically "slug out" a portion of the liquid as it accumu 
lates to a certain level within the well bore. 
A further object of the invention is to provide an ap 

paratus of the character described which will function 
automatically and in an efficient manner to avoid wastage 
and loss of gas and pressure from the well. 
A still further object of the present invention is to pro 

vide apparatuIS for intermittently ejecting accumulations 
of liquid from a well bore through a tubing string and 
which functions automatically in response to a predeter 
mined static head within the tubing string. 
Yet another object of the present invention is to pro 

Vide an apparatus of the character described which incor 
porates a positive action liquid-gas separator functioning 
automatically to permit entry of liquid from the well bore 
into the tubing string and to close off communication be 
tween the tubing string and the well bore when the liquid 
Supply is exhausted. 
Another object of the present invention is to provide 

an apparatus of the character described which is compact, 
Sturdy, foolproof, and maintenance-free so as to provide a 
long operating life at the bottom of a well. 

Further objects and advantages of the invention will 
be apparent as the Specification progresses, and the new 
and useful features of the liquid control for gas wells will 
be fully defined in the claims attached hereto. 
The preferred form of the invention is shown in the 

accompanying drawing forming a part of this description, 
in which: 
FIGURE 1 is a vertical cross-sectional view of an ap 

paratus constructed in accordance with the present inven 
tion and mounted within a gas well, portions being broken 
away and shown in section for clarity of illustration; 
FIGURE 2, an enlarged vertical cross-sectional view 

taken substantially on the plane of line 2-2 of FIGURE 
1; and 
FIGURE 3, an enlarged vertical cross-sectional view 

of a gas lift device comprising part of the apparatus of 
the present invention and shown in operative position with 
respect to associated portions of a well bore and tubing 
string. 
While only the preferred form of the invention is 

shown, it should be understood that various changes or 
modifications may be made within the scope of the claims 
attached hereto without departing from the spirit of the 
invention. 

Referring to the drawings in detail, it will be seen that 
the apparatus for automatically controlling liquid depth 
in gas wells and oil wells of the present invention consists 
essentially of a liquid-gas separator 11 operatively posi 
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tioned within a well bore 12, a tubing string 13 within 
the well bore 12 connected to the liquid-gas separator 11 
to receive liquid accumulations 14 therefrom, and com 
municating with the surface 16, together with a gas lift 
device 17 connected to the tubing string 13 and responsive 
to a predetermined pressure therein for supplying gas 
under pressure from the well bore to the tubing string so 
as to lift a column of liquid 18 through the tubing string 
to the surface. 

In accordance with the present invention, the liquid 
gas separator 11 is of the positive action type which will 
Supply liquid to the tubing string so long as liquid is pres 
ent at the entrance thereof, and which will automatically 
closs off the liquid entrance to the tubing string when the 
liquid supply thereat is exhausted. Liquid-gas separators 
of this type are disclosed in our Patent No. 2,291,902, 
issued Aug. 4, 1942, and entitled Gas Anchor, and in our 
copending application Ser. No. 433,909, filed Feb. 19, 
1965, and entitled Method and Apparatus for Effecting 
Gas Control in Oil Wells. 
The liquid-gas separator 11 includes a valve means 19 

adapted for communicating the tubing string 13 with the 
lower portion of the interior of an open top cylindrical 
bucket 21 mounted for vertical reciprocation within the 
well bore 12. The bucket 21 has a weight sufficient to 
pull the valve means 19 open against the gas pressure in 
the well when the bucket is partially filled with liquid and 
also has an effective displacement sufficient to float the 
bucket in the surrounding liquid when the bucket is sub 
stantially empty, for urging the valve means 19 closed. 
As here shown, the liquid-gas separator 11 has its valve 

means 19 and bucket 21 operatively carried within a cap 
Sule 22 secured to the lower end of the tubing string 13. 
Openings 23 are forced in the capsule 22 to permit entry 
of liquid and gas from the well bore 12, and a bull plug 
24 is provided at the lower end of the capsule 22 for 
cleaning out any debris which may accumulate. 
The valve means 19 is here shown as being mounted 

on the lower end of a tube 26 secured in coaxial relation 
within the capsule 22 and connected to the tubing string 
13 to form an operative extension thereof. Valve means 
19 here includes a ball check 27 formed to permit liquid 
to enter the tubing string but to prevent liquid from leav 
ing the tubing string through the valve means. Also in 
cluded in valve means 19 is a valve member 28 connected 
by a rod 29 to the bottom of bucket 21 for vertical move 
ment therewith toward and away from a valve seat 31. 
A quantity of liquid is contained within the capsule 22 

at all times, this quantity being sufficient to cause the 
bucket, when empty, to float upwardly and seat valve 
member 28. When the liquid accumulation in the well 
bore 12 rises to the lowermost of the openings 23, it will 
pour into the capsule 22 and into the bucket 21. As the 
bucket fills, the flotation effect is destroyed and the weight 
of the bucket is sufficient to pull the valve member 28 
downwardly away from seat 31 against the pressure in 
the well bore. The liquid contained within bucket 21 is 
then free to enter the tubing string 13. As the supply of 
liquid in the bucket 21 is depleted, the flotation effect 
again overcomes the weight of the bucket and urges the 
valve member 28 upwardly to closed position. Thus, it 
will be seen that the liquid gas separator functions auto 
matically to supply liquid to the tubing string 13 as soon 
as the liquid accumulation in the well bore reaches a pre 
determined level as determined by the openings 23. The 
liquid gas separator also functions automatically to close 
off communication between the tubing string 13 and the 
well bore 12 as soon as the supply of liquid in the bucket 
21 is exhausted to a predetermined level. 

In accordance with the present invention, the gas lift 
device 17 is formed to respond to a predetermined static 
head of liquid in the tubing string 13 above the liquid gas 
separator 11 to supply gas under pressure from the well 
bore 12 to the tubing string a spaced distance below the 
liquid level therein so as to lift a column or slug 18 of 
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4. 
liquid through the tubing string 13 for discharge there 
from at the surface 16. 

Preferably, the gas lift device 17 includes a valve 
formed for communicating the well bore 12 with the in 
terior of tubing string 13, means tending to hold the valve 
in closed position with a predetermined force, and pres 
sure responsive means in the gas lift device formed for 
overcoming the last-named means and urging the valve to 
open position in response to a predetermined pressure 
in the tubing string. 
As here shown the gas lift device 17 includes a housing 

32 providing a reference chamber 33 filled with a pre 
determined quantity of gas to provide a predetermined 
pressure. A bellows 34 is connected to the reference 
chamber 33 and to a valve member 36 which is movable 
vertically toward and away from a valve seat 37 upon 
expansion and contraction of the bellows. 
The bellows 34 hermetically separates the chamber 33 

from a valve chamber 38 provided by housing 32 and in 
(which valve member 36 and valve seat 37 are contained. 
Chamber 38 is in communication with the interior of 
tubing string 13. Bellows 34 has an effective actuating 
area exposed to the pressure in chamber 38 which is larger 
than the effective actuating area of the valve member 36, 
as defined by the area of the valve seat 37 which com 
municates through ball check valve 39 with the interior 
of the well bore 12. 
The reference pressure contained within chamber 33 

is related to the effective actuating area of bellows 34, 
the effective actuating area of valve member 36, and the 
gas pressure in the well bore 12 in such manner that the 
valve 36 is urged downwardly to closed position until 
sufficient pressure exists in tubing string 18 to join with 
the upward force exerted on valve member 36 by the gas 
pressure in the well bore to overcome the downward 
force exerted by the reference pressure in chamber 33 
and cause the valve 36 to move upwardly away from seat 
37. 
Thus, it may be seen that the static head of liquid 

entering the tubing string through the liquid-gas separator 
11 will eventually exert sufficient pressure in chamber 
38 to trigger the gas lift device and snap the valve open, 
admitting gas under pressure from the well bore into 
the tubing string. This gas under pressure will continue 
to flow into the tubing string lifting the slug of liquid 
ahead of it until the slug reaches the surface and is dis 
charged. It should be noted that the pressure in chamber 
38, when valve 36 is closed, is determined by the static 
head of the liquid contained in the tubing string. Ac 
cordingly, the reference pressure contained in chamber 
33, taken in connection with the geometry of the bellows 
34 and valve and seat 36 and 37 will determine the 
height the liquid will reach in the tubing string at which 
the described triggering open of the gas lift device will 
OCC. 

In particularly deep wells, it may be necessary to in 
stall additional gas lift devices in order to life the slug 
of liquid through the tubing string to the Surface. Each 
of these gas lift devices can be of a structure substantially 
the same as the gas lift device described and function in 
a similar manner. Accordingly, detailed description of the 
structure and function of the additional gas lift devices 
should not be necessary. 
When the slug of liquid reaches the surface and is 

discharged into the open air, as from pipe 41, the back 
pressure caused by the weight of the liquid slug will be 
removed and the pressure in reference chamber 33 will 
act through bellows 34 to cause the valve 36 to snap down 
wardly against seat 37. The gas lift device 17 will remain 
in its closed operative position until such time as sufficient 
liquid accumulates in the well to pass through the gas 
liquid separator 11 and rise in the tubing string 13 to the 
desired height, whereupon the static head of the liquid 
will again trigger the gas lift device 17. 
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From the foregoing it will be seen that the liquid con 
trol for gas wells of the present invention operates in a 
highly efficient manner to eject unwanted accumulations 
of liquid from gas producing wells in an intermittent 
manner, utilizing the gas pressure within the well and 
being responsive to accumulations of liquid within the 
well above a desired level. 
We claim: 
1. An apparatus for controliling liquid depth in gas 

wells and oil wells, comprising a positive action liquid 
gas separator operatively positioned within the well bore, 
a tubing string within the well bore connected to said 
liquid-gas separator to receive liquid therefrom and 
communicating with the surface, and a gas lift valve con 
nected to said tubing string and responsive to a pre 
determined pressure therein for supplying gas under 
pressure from the well bore to said tubing string so as 
to lift a column of liquid through the tubing string to 
the surface. 

2. An apparatus for automatically controlling liquid 
depth in gas wells and oil wells, comprising a liquid-gas 
separator supported in operative position within the well 
bore and having valve means controlled by emptying 
and filling of a bucket for allowing passage therethrough 
of a liquid while preventing passage of a gas, a tubing 
string within the well bore connected to the valve means 
of said liquid gas separator to receive liquid therefrom 
and communicating with the surface, and a gas lift 
valve positioned within the well bore and connected to 
said tubing string for supplying gas under pressure from 
the well bore, said gas lift valve being formed to respond 
to a predetermined static head of liquid in said tubing 
string above said liquid-gas separator whereby when the 
liquid level in said tubing string reaches a predetermined 
height said gas lift valve will open to supply gas under 
pressure from the well bore to the tubing string a spaced 
distance below said liquid level so as to lift a column 
of liquid through the tubing string for discharge there 
from at the surface, said gas lift valve being responsive 
to the pressure drop in the tubing string occurring upon 
discharge of said column of liquid therefrom to shut 
off the supply of gas under pressure from the well bore 
to said tubing string. 

3. An apparatus for controlling liquid depth in gas 
wells and oil wells, comprising a positive action liquid 
gas separator operatively positioned within the well bore, 
a tubing string within the well bore connected to said 
liquid-gas separator to receive liquid therefrom and com 
municating with the surface, and a gas lift valve positioned 
above said liquid-gas separator and connected to said 
tubing string thereat, said gas lift valve being formed 
for supplying gas under pressure from the well bore to 
said tubing string in response to a predetermined static 
head in the tubing string for lifting a column of liquid 
through the tubing string for discharge therefrom outside 
of the well bore. 

4. An apparatus for controlling liquid depth in gas wells 
and oil wells, comprising a positive action liquid-gas 
separator operatively positioned within the well bore, a 
tubing string within the well bore connected to said 
liquid-gas separator to receive liquid therefrom and com 
municating with the surface, and a gas lift valve connected 
to said tubing string and responsive to a predetermined 
pressure therein for supplying gas under pressure from the 
well bore to said tubing string so as to lift a column of 
liquid through the tubing string to the surface; said liquid 
gas separator being attached to the lower end of said tub 
ing string at a desired location within the well and includ 
ing an open topped bucket formed for vertical reciproca 
tion within the well bore, and valve means communicating 
said tubing string with the lower portion of the interior of 
said bucket, said bucket being connected to said valve 
means and having a weight sufficient to pull said valve 
means open against the gas pressure in the well when said 
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6 
displacement sufficient to float said bucket in the surround 
ing liquid when said bucket is substantially empty for 
urging said valve means closed. 

5. An apparatus as described in claim 4, and wherein 
said valve means is mounted in the lower portion of the 
interior of said bucket and includes a valve member mov 
able vertically toward and away from a valve seat con 
nected to the intake end of the tubing string, and a check 
valve providing one-way flow into the tubing string. 

6. An apparatus for controlling liquid depth in gas wells 
and oil wells, comprising a positive action liquid-gas sep 
arator operatively positioned within the well bore, a tub 
ing string within the well bore connected to said liquid-gas 
separator to receive liquid therefrom and communicating 
with the surface, and a gas lift device connected to said 
tubing string and responsive to a predetermined pressure 
therein for supplying gas under pressure from the well 
bore to said tubing string so as to lift a column of liquid 
through the tubing string to the surface; said gas lift device 
including a valve formed for communicating the interior 
of the well bore with the interior of said tubing string, 
means in said gas lift device tending to hold said valve in 
closed position with a predetermined force, and pressure 
responsive means in said gas lift device formed for over 
-coming said last-named means and urging the valve to 
open position in response to a predetermined pressure in 
said tubing string. 

7. An apparatus as described in claim 6, and wherein 
said gas lift device provides a reference chamber filled 
with a predetermined quantity of gas to provide a pre 
determined presure, a bellows connected to said reference 
chamber and said valve and formed to provide an effective 
actuating area larger than the effective actuating area of 
said valve whereby the pressure in said reference chamber 
acting through said bellows will hold said valve in closed 
position against gas pressure in said well bore until the 
pressure within said tubing string reaches a predetermined 
amount. 

8. An apparatus for controlling liquid depth in gas 
wells and oil wells, comprising a positive action liquid 
gas separator operatively positioned within the well bore, 
a tubing string within the well bore connected to said 
liquid-gas separator to receive liquid therefrom and com 
municating with the surface, and a gas lift device con 
nected to said tubing string and responsive to a predeter 
mined pressure therein for supplying gas under pressure 
from the well bore to said tubing string so as to lift a 
column of liquid through the tubing string to the surface; 
said liquid gas separator being attached to the lower end 
of said tubing string at a desired location within the well 
and including an open topped bucket formed for vertical 
reciprocation within the well bore, and valve means com 
muncating said tubing string with the lower portion of the 
interior of said bucket, said bucket having a weight suffi 
cient to pull said valve means open against the gas pressure 
in the well when said bucket is partially filled with liquid 
and having an effective displacement sufficient to float said 
bucket in the surrounding liquid when said bucket is sub 
stantially empty for urging said valve means closed; said 
gas lift device including a valve formed for communicating 
the interior of the well bore with the interior of said tub 
ing string, means in said gas lift device tending to hold said 
valve in closed position with a predetermined force, and 
pressure responsive means in said gas lift device formed 
for overcoming said last-named means and urging the 
valve to open position in response to a predetermined pres 
Sure in said tubing string. 

9. An apparatus as described in claim 8, and wherein 
said valve means is mounted in the lower portion of the 

bucket is partially filled with liquid and having an effective 75 interior of said bucket and includes a valve member mov 
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able vertically toward and away from a valve seat con 
nected to the intake end of the tubing string, and a check 
valve providing one-way flow into the tubing string, and 
wherein said gas lift device provides a reference chamber 
filled with a predetermined quantity of gas to provide a 
predetermined pressure, a bellows connected to said refer 
ence chamber and said valve and formed to provide an 
effective actuating area larger than the effective actuating 
area of said valve whereby the pressure in said reference 
chamber acting through said bellows will hold said valve lo 
in closed position against gas pressure in said well bore 
until the pressure within said tubing string reaches a pre 
determined amount. 
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