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ABSTRACT OF THE DISCLOSURE

A method and apparatus for recovery of liquids and
vapors from a well bore including positioning a compres-
sor means and a condensor means adjacent the well bore
and positioning an evaporation means in the well bore
to cool and condense a portion of the vapors in the well
bore into liquids. The compressor means, condensor
means, and evaporator means are connected together to
form a refrigeration cycle which causes a portion of the
vapors in the well bore to condense as well as causing
the higher temperature vapors and liquids in the sur-
rounding higher pressure formation to move toward the

cooled well bore for removal of the liquids and vapors by
sultable means,
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In another related embodiment, a vessel or container
filled with refrigerant is positioned in the well bore with 3
tubular member positioned in one end of the vessel. The
tubular member is cooled by continuously removing the
refrigerant from the vessel by a compressor means posi-
tioned adjacent the well bore and liquid gas is taken from
the compressor and inserted back into the adjacent earthen
formations. The cooled tubular member causes vapors in
the well bore to condense thereon, which condensed liquid
then drips downwardly into the vessel providing a con-
tinuous refrigerant for said vessel. The cooled vessel con-
denses vapors in the well bore into liquids which are

thereafter removed by a suitable means such as a valve
and pump means.

BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a new and improved method
and apparatus for recovery of liquids from a well bore
and more particularly to a new and improved method
and apparatus including the use of a refrigeration cycle
positioned in well bore to condense vapors in the well
bore into liquids so that they may thereafter be removed
by a suitable valve and pump means.

Summary of the invention

It is an object of the present invention to provide a
1ethod for recovery liquids from a well bore comprising
the steps of positioning a compressor means and con-
densor means adjacent the well bore, positioning an evap-
orator means 1n the well bore, connecting each of the
means to each other to form a refrigeration cycle, con-
densing vapors in the well bore into liquids adjacent the
evaporator means and removing the liquids from the well
bore by a suitable valve and pump means.

Yet another object of the present invention is to pro-
vide a new and improved method for recovery of liquids
from a well bore comprising the steps of positioning a
compressor means adjacent the well bore, inserting or po-
sitioning refrigerant in an open end vessel or container to
cool the vessel, positioning the container in the well bore,
positioning a tubular member in the well bore and cooling
the tubular member with the refrigerant in the container

wherein the refrigerant is continuously removed upwardly
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though the tubular member by a compessor positioned
adjacent the well bore thereby causing liquid vapors in the
well bore to condense into liquids on the tubular member
and move downwardly into the container, and condensing
vapors in the well bore adjacent the container into liquids
so that said liquids may be removed by any suitable means
from the well bore. -
Yet still another object of the present invention is to
provide a new and improved apparatus for recovering
liquids from a well bore including a vessel or container
positioned in the well bore and having a refrigerant
positioned therein to cool the container; a tubular mem-
ber having an upper and lower end positioned in the well
bore with said lower end being positioned in the contain-
er; a compressor positioned adjacent the well bore for
removing the liquid refrigerant from the vessel upwardly
though the tubular member to thereby cool the tubular
member to cause vapors in the well bore to become con-
densed into liquids on the tubular member to thereby
enable the condensed liquids to move or drop downwardly
into the container so that they may be continuously re-
moved by the compressor, said compressor means being
used to return the liquid gas to the formation adjacent the
well bore wherein the cooled container causes vapors in
the well bore to become condensed in liquid form ad-
Jacent said container and wherein the liquid gas returned
to the formation from the compressor means causes liquids
in the adjacent higher temperature and higher pressure
formations to move toward the cooled, lower pressure
well bore adjacent said container; and further including

a means for removing liquids in the well bore adjacent
said container.

Brief description of the drawings

FI1G. 1 illustrates an embodiment of the invention de-
scribing a refrigeration cycle positioned in an adjacent the
well bore with means for removal of liquids from the
well bore; and

FIG. 2 is an illustration of an alternative embodiment
of the present invention illustrating a container or vessel
positioned in a well bore having a tubular member posi-
tioned at one end in said vessel and with said other end

- mounted adjacent a compressor effecting a continuous re-
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frigeration cycle to enable liquids in the well bore to be
removed by any suitable means.

Description of the preferred embodiments

Attention is directed to FIG. 1 wherein the present in-
vention is generally illustrated by the numeral 10 and
is illustrated as being positioned in a well bore 11 sur-
rounded by earthen formations 12. A compressor means
and condensor means 13 and 14, respectively, are posi-
tioned adjacent the well bore and an evaporator means
15 1s positioned in the well bore to form a refrigeration
cycle which moves in the direction of the arrows 16. The
evaporator means 15 cools the adjacent well bore and
the vapor in the evaporator means 15 is moved upwardly
through the compressor 13 and into the condensor 14 to
be continuously returned to the evaporator means 15 by
the conduits 17 connecting each of the compressor means,
condensor means, and evaporator means to each other.
It 1s, of course, to be understood that a suitable refrig-
erant 1s used in the conduit lines 17 for cooling the well
bore adjacent the evaporator means 15.

As the well bore 116 adjacent the evaporator means
15 is cooled, a portion of the vapors forced into the well
bore 115 by the adjacent higher temperature and higher
pressure earthen formation are condensed into liquids 18
because of the change in temperature. It is to be under-
stood that the well bore 11 usually has a lower pressure
in the adjacent formations because of the hole or bore

- itself and that the evaporator means 15 cools the well
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bore so that it has a lower temperature than the adjacent
higher temperature formation.

As liquids 18 are condensed in the well bore 11b, a
valve means 19 is provided for continuously removing the
liquids 18 and vapors therefrom by providing a conduit
20 communicating with a suitable pump 21 for removal
of the liquids 18 and vapors from said bore to any suit-
able pipe line (not shown) or storage means (not shown).

In the alternative embodiment as illusirated in FIG. 2,
the invention is generally designated by the numeral 23.
A vessel or container 26 is positioned in a well bore 27
which is surrounded by earthen formation 28. An iitial
refrigerant 29 is placed or positioned in the vessel 26 for
cooling of the vessel. A tubular member 30 is positioned
in the well bore and is illustrated as having a lower end
30a positioned in an opening 26a of the vessel. The upper
end of the tubular member 30 is swedged or fapered at 31
to be connected to a compressor conduit line 32. The com-
pressor conduit line 32 is connected at the other end to
a compressor means 34 positioned adjacent the well bore
2’7. As further illustrated in FIG. 2, a conduit line 35 ex-
tends from the compressor 34 downwardly into the well
bore 27 and terminates at 36 between a plurality of in-
flatable packers 374 and 37) mounted between the tubular
member 30 and well bore 27 which isclate a segment
27a of the well bore from the remainder of the well bore.
27. As will be brought out hereinafter, suitable perforation
holes 38 are provided for communicating the well bore
hole with the surrounding earthen formations, if needed.

A valve means 39 is positioned in the well bore 27 ad-
jacent the vessel 26 and is connected to a conduit 40
which extends upwardly through the packers 37a and 375
to suitable pumping means 41 which is well known in
the art.

In the operation of the embodiment disclosed in FIG. 2,
the inmitial liquid refrigerant 29 positioned in the vessel
26 is drawn upwardly as a vapor and partially as a liquid
throunh the tubular member 30 and into the compressor
means 34 by passing through the taper 31 and conduit line
32. As the refrigerant 29 is moved upwardly, the tubular
member 30 is cooled which causes the portion of the
well bore 27c¢ adjacent the tubular member to become
cooled, thereby causing vapors in the well bore adjacent
the segment 27¢ to become cooled to thereby enable
vapors to become condensed into liquid form on the
tubular member 30. The liguid 42 moves downwardly
into the vessel or container 26 to provide an additional
refrigerant and is thereafter continuously removed from
the vessel by the compressor means 34.

The compressor means 34, after converting the vapors
into compressed gas, moves a portion of the liquid gas
through the line 35 down to the isolated well bore segment
27a. The liquids then flow out into the adjacent earthen
formation through the perforation holes 38. It 1s to be
understood that the perforation holes 38 are only neces-
sary if the well bore segment 27q is surrounded by casing
or other tubular members. It i1s also to be understood
that the liquid gas not returned to the formation through
conduit 35 is transported to a storage area (not shown)
through conduit 34’,

As the container or vessel 26 is continuously cooled by
the refrigerant 29 and liquid 42, vapors in the well bore
seegment 275 become condensed into liquids and are there-
after removed by the valve means and pump means 39 and
41, respectively, by communicating such means with the
conduit line 40.

Since the well bore segment 27b is of a lower tem-
perature and at a lower pressure than the surrounding
earthen formation, then heat removed from the well bore
segment 275 will be replaced by heat from the surrounding
earthen formation system. As the heat supplied by liquids
and vapors from the earthen formation system moves
into the lower pressure and lower temperature well bore
segment 27b, such vapors are converted or condensed

into liquid form to become removed by the valve means
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and pump means 39 and 41, respectively, as is well known
in the art.

Further, as the liguid gas is returned to the ecarthen
formation adjacent the segment 27a, this causes the earthen
formation and the liquids contained therein fo flow or
move in the direction of the lower pressure well bore
which thereby increases the volume of liquid collecting
in the well bore segment 27b.

It is, of course, to be understood that the conduit line
35 may be inserted in other well bores upstream (not
shown) in the same formation from the well bore 27 to
cause similar flooding or washing as hereinabove de-
scribed.

This invention relates to a new and improved method
and apparatus for recovering liquids from a well bore
utilizing a continuous refrigerant cycle to continuously
cool the well bore to cause vapors in the well bore to be-
come condensed into liquids for their continuous removal
by a suitable means.

I claim:

1. A method for recovering liguids from a well bore
surrounded by earthen formations comprising the steps of:

(a) positioning a compressor means adjacent the well
bore;

(b) positioning an initial liquid refrigerant in an open
ended vessel which cools the vessel;

(c) positioning the open ended vessel i the well bore
with 1ts open end facing upwardly;

(d) positioning a tubular member in the well bore;

(e) removing said initial liquid refrigerant from said
vessel through said tubular member and into said
compressor means, thereby cooling gaseous vapors in
the well bore with the cooled tubular member, con-
densing the gaseous vapors into liquid gas on the
tubular member which causes the condensed gas to
move downwardly into the open ended vessel;

(f) continuously removing the liquid from the vessel
through the tubular member and into the compressor
means, thereby cooling the vapors in the well bore
and formation adjacent the cooled vessel, and con-
densing the cooled vapors adjacent the vessel into
liquids; and

(g) positioning means in the well bore adjacent the
vessel for withdrawing the liquids from the well bore.

2. The method as set forth in claim 1 including the
steps of returning the condensed vapors from the com-
pressor means to the earthen formations adjacent the well
bore which thereby causes higher temperature vapors and
eases in the formation to move toward the well bore.

3. The method as set forth in claim 1 including the
steps of:

(a) isolating a segment of the well bore with a plurality

of inflatable packers; and

(b) returning condensed vapors from the compressor
means to the earthen formations adjacent the isolated
segment of the well bore which thereby causes vapors
and gases in the higher temperature earthen forma-
tions to move toward the well bore.

4. The method as set forth in claim 1 including the
step of returning condensed vapors from the compressor
means fo another well bore which thereby causes higher
temperature liquids and vapors in the formation to move
toward the cooled vessel for removal thereof by the means
for withdrawing the liquids from the well bore.

5. An apparatus for recovering liquids from a well bore
including:

(a) a container having an open top positioned in the
well bore having an initial refrigerant positioned
therein to cool said container;

(b) a tubular member having an upper and lower end
positioned in the well bore, said lower end being posi-
tioned in the container;

(¢c) a compressor means positioned adjacent the well
bore for removing the initial liquid refrigerant from

the vessel up through the tubular member which
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thereby cools the tubular member to cause a portion (e) means for removing liquids in the well bore ad-
of the vapors 1n the well bore to become condensed jacent said container.
as a liquid on the tubular member and wherein the
condensed liquid moves down said tubular member References Cited
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