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[57] ABSTRACT

Method and apparatus for flowing crude oil from wells
wherein a fluid is injected into the oil bearing earth
formation for the purpose of reducing the viscosity of
the oil and causing it to migrate under induced forma-
tion pressure to one or more production wells. The ap-
paratus and method are employed in the production
wells in such manner that flashing of high temperature
water to steam is selectively induced in the apparatus
and in the well casing in which the apparatus is lo-
cated for lightening the fluid column in the apparatus
and causing a flowing action to occur and for selec-
tively condensing the steam to its liquid state for liquid
transportation of oil within the apparatus. The appara-
tus is received in the well casing in such a manner that
the apparatus and the inner conduit to which it is con-
nected may be removed from the well casing substan-
tially free of any of the hot liquid that is present in the
apparatus in the operative condition thereof.

18 Claims, 5 Drawing Figures
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'METHOD AND APPARATUS FOR FLOWING
CRUDE OIL FROM A WELL

FIELD OF THE INVENTION

This invention is directed generally to apparatus for
production or secondary recovery of crude oil from
earth formations having insufficient formation pressure
for raising the crude oil to the surface of the earth and
wherein the crude oil within the earth formation is of
sufficient viscosity to prevent it from readily migrating
to production wells. More particularly the invention is
directed to a pneumatic displacement method of pri-
mary or secondary recovery of crude oil wherein air or
steam is injected into the formation to reduce the vis-
cosity of the crude oil and to develop a formation pres-
sure that causes migration of the oil to production
wells. Where steam is injected into the oil bearing for-
mation, the steam may be selectively condensed and
vaporized simply by varying the pressure thereof. Spe-
cifically, the invention is directed to the provision of a
method and apparatus for pneumatic displacement
pumping, incorporating a down-hole valve mechanism
and a surface located control facility that cooperate to
inject a pressurized gas into the well to cause selective
vaporization and condensation of hot water within the
pumping mechanism to produce controlled displace-
ment pumping of the crude oil entering the production
well from the formation.

BACKGROUND OF THE INVENTION

While the invention will be explained for purposes of
simplicity with regard to its application to production
of oil from oil bearing earth formations having little or
no formation pressure, it is considered obvious that the
invention may be utilized effectively for displacement
of other fluids that may or may not be located within
earth formations. The present invention will be dis-
cussed in its application solely for the production of oil
from oil bearing earth formations for purposes of sim-
plicity and to facilitate ready understanding of the in-
vention. It is in no way intended to limit the present in-
vention solely to use in connection with production of
oil. :

When oil bearing earth formations are discovered
that have insufficient formation pressure for gas ener-
gized production of oil found in the formation, or when
a pressurized oil bearing formation loses a substantial
amount of its formation pressure, it will become neces-
sary to provide for recovery of the oil by methods other
than production by formation pressure flowing. One
acceptable method for producing low pressure or zero
pressure oil bearing earth formation has been the use
of mechanically energized pumps that simply mechani-

- cally elevate the oil to the surface of the earth for pro-
duction by conventional reciprocating pump mecha-
nisms. These pumps are generally restricted to produc-
tion of oil from very shallow oil bearing earth forma-
tions and are not capable of pumping a viscous crude
oil because viscous crude oil, in absence of formation
pressure, will not be capable of migrating through the
earth formation to the well bore.

Another method, successfully utilized in production
of otherwise unproducable oil wells, has been the use
of pneumatic displacement pumps, which may be also
referred to as “gas lift valves.” These pumps or valves
may be energized by compressed air, compressed inert
gases, steam, or compressed natural gas and are effec-

0

25

30

2

tive to achieve production of oil bearing formations
that are of substantial depth. U.S. Pat. Nos. 1,326,338
to Gregory, 1,754,945 to Haskell, and 3,106,170 to
Gray, each disclose pneumatic displacement type de-
vices for flowing or pumping oil wells.

Typically, pneumatic displacement pumps inject a
gas into a pumping mechanism disposed below the fluid
level within the well which gas serves a piston like func-
tion to raise liquid in the production tubing in the form
of a slug or segment. A small amount of the gas, of
course, mixes with the liquid to some extent, thereby
lightening the load of the column and allowing the col-
umn of liquid to be transported to the earth surface for
production.

Where steam is injected into the earth formation, for
the purpose of providing sufficient heat to reduce the
viscosity of the crude oil entrapped in the earth forma-
tion and thereby allowing the crude oil to migrate to-
ward one or more production wells, typically a number
of production wells surround a steam injection well.
The steam injected into the formation will condense to
its liquid form, because of the pressure under which it
is maintained, whereupon the liquid form will also mi-
grate through the oil bearing earth formation toward
the production well. The water at the level of the oil
sand in the production wells will be in the order of 250°
to 350°F. Since the water temperature is above the

“ boiling point of water at atmospheric pressure, reduc-

tion of pressure within the well bore at the formation
level will cause immediate vaporization of the water to
steam. This vaporization is typically referred to in the
industry as “flashing™ and will be so referred to in the

. present application.
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Where steam is injected into oil bearing earth forma-
tion, for the purpose of reducing the viscosity of the
crude oil contained therein and causing it to migrate to
production wells, and air or other gases are injected
into production wells for the purpose of lifting the
crude oil or a mixture of crude oil and water to the sur-
face of the earth for production, each time the pumping
mechanism operates the water contained in the pro-
duction fluid at the bottom of the well, being in the
order of 250° to 350°F will flash to steam, thereby in-
terfering with effective production of the oil. In fact,
the efficiency of producing crude oil in this manner is
typically in the order of 12 percent, thereby rendering
pneumatic displacement pumping of hot production
fluid having a water content to be quite expensive and
thereby reducing the commercial feasibility of recovery
of oil in this manner. It is therefore considered desir-
able to utilize the pressure generated by the water con-
tent of the hot production fluid to assist in production
of the crude oil. It is also desirable to utilize, as effi-
ciently as possible, the energy that is required to pro-
duce steam and inject it into the oil bearing formation
for production purposes. '

One problem presented by the use of pneumatic type
fluid displacement pumps or flowing devices is the
physical dimension of the well casing within which the
pump mechanisms must be received. Because of the
substantial physical size of most pneumatic displace-
ment pumps, it is necessary to provide a well bore and
well casing of substantial dimension to allow sufficient
space within which the pump may be received. Well
bores of substantial size are expensive to drill and
therefore detract from the commercial feasibility of
pneumatic displacement pump type oil recovery sys-
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tems. It is desirable therefore to provide a pneumatic.

displacement pump type pumping mechanism that is of
relatively small cross-sectional dimension and which
will be efficiently received within a well bore without
any requirement for enlargement of the well bore be-
yond the normal dimension required for receiving con-
ventional well production tubing.

Another problem with some pneumatic displacement
pump mechanisms occurs when the pumping mecha-
nisms are extracted from the well for repair or replace-
ment. During steam injection for the purpose of en-
hancing formation pressure and simultaneously in-
creasing the temperature of the formation, thereby re-
ducing the viscosity of the crude oil contained in the
formation and enhancing the ability of the oil to flow
from the formation to the production tubing, the for-
mation is heated to a temperature near the temperature
of superheated steam and, consequently, and liquid
that is trapped within the well tubing as it is extracted
from the well is quite hot and poses a dangerous condi-
tion for workmen accomplishing the well servicing op-
eration. In most pneumatic well pumping mechanisms,
there is present at the lowermost portion of the well
tubing, one or more check valve mechanisms that seal
responsive to the hydrostatic head of the liquid con-
tained within the tubing, thereby causing the tubing to
be pulled from the well full of hot production fluid
trapped therein. The hazardous condition of such re-
pair operations is enhanced because the trapped pro-
duction fluid frequently spills when the tubing is sepa-
rated and presents a safety hazard because of the likeli-
hood of fire and the generally unsafe conditions that
result from oil spills. Moreover, when the production
fluid is extremely hot, because of the steam or fire
flooding operations that provide the formation pressure
for production and provide heat for reducing the vis-
cosity of the oil to allow it to migrate in the formation,
the hot oil/water mixture presents a safety hazard to
workmen involved in disassembly of sections of tubing
that are filled with the hot fluid. Hot production fluid
spilling from fluid filled sections of tubing presents a
safety hazard due to the possibility of causing hot fluid
burn injuries to the workmen separating the tubing. It
is therefore very desirable to remove tubing strings
from the well that are not filled with hot liquid.

Accordingly, it is a primary object of the present in-
vention to provide a novel method of accomplishing
pneumatic displacement of high temperature fluid from
a well which effectively utilizes pressure generated by
high temperature flashing of water into steam for assist-
ing in elevation of production fluid from a fluid bearing
earth formation to the surface of the earth for produc-
tion.

It is a further object of the present invention to pro-
vide a novel method of pneumatic displacement pump-
ing of high temperature water containing fluid from a
well wherein the water content of the fluid is caused to
selectively flash into steam and condense into its water
form for the purpose of controlled release of pressure
that assists in production of the fluid from the well.

It is an even further object of the present invention
to provide a pneumatic displacement type pumping
mechanism for flowing oil or any other production fluid
from a well that obviates any necessity for lifting oil
filled tubing strings from the well during repair of re-
placement operations.
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It is an even further operation of the present inven-
tion to provide pneumatic displacement type pumping
apparatus having down-hole valves that may be re-
moved for repair or replacement simply by removing
the intermost light-weight tubing string from the well.

Another object of the present invention involves the
provision of novel pneumatic displacement type pump-
ing apparatus for flowing high temperature production
fluid from wells which includes valve apparatus and
valve seat structures that may be completely removed
from the well in a single operation, simply by removing
the centermost light-weight tubing string from the well.

Among the several objects of the present invention is
contemplated the provision of novel pneumatic dis-
placement type pumping apparatus that may be effec-
tively utilized in oil wells-of relatively small casing di-
mension.

It is also an important object of the present invention
to provide novel pneumatic displacement type pump-
ing apparatus employing a simple cross-over mecha-
nism that promotes efficient pumping operation of the
apparatus by cooperating with other structure of the
displacement pumping mechanism to cause selective
development of pressure changes within the pumping
mechanism and within the casing to cause. selective
flashing of the hot water content of the production fluid
into steam and causes selective condensation of steam
into water and utilizes the energy of the steam to assist
in transportation of production.fluid to the surface of
the earth.

It is an even further object of the present invention
to provide novel pneumatic displacement type pump-
ing apparatus for flowing high temperature water con-
taining oil from a well, which apparatus is simple in na-
ture, reliable in use, and low in cost.

Other and further objects, advantages and features of
the present invention will become apparent to one
skilled in the art upon consideration of the written
specification, the attached claims and the annexed
drawings. The form of the invention, which will now be
described in detail, illustrates the general principles of
the invention, but it is to be understood that this de-
tailed description is not to be taken as limiting the
scope of the present invention.

SUMMARY OF THE INVENTION

A preferred embodiment of the present invention
may comprise a well casing extending through a drilled
bore in the earth to an oil bearing earth formation
which well casing may be provided with a well head at
its upper extremity and with a perforated element, typi-
cally referred to as a screen, at its lower extremity. Oil,
or water contained oil, typically referred to as produc-
tion fluid, may be forced by formation pressure, either
induced naturally or artificially and may enter the well
casing through the perforations of the screen and may
rise to a level within the casing. Inner and outer con-
duits may be removably suspended from a well head at
the surface of the earth and may extend to the produc-
tion zone within the casing. The outer conduit may be
provided with a landing nipple at its lower extremity
and a landing adapter, connected to the inner tubing
string, may be received and locked within the landing
nipple in such manner that a sealed relationship is es-
tablished between the landing nipple and the landing
adapter.
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An outer pump conduit may extend downwardly
from the landing adapter and may have a check valve
disposed at the lower extremity thereof to allow unidi-
rectional flow of production fluid from the well casing
into an outer pump chamber. An inner pump tubing
may extend downwardly from the landing adapter and
may be disposed within the outer pump conduit and
may have a check valve disposed at its lower extremity
to allow unidirectional flow of production fluid from
the outer pump chamber to an inner pump chamber.

The outer pump chamber may be communicated by
restricted crossover passages to the inner tubing strong
supported by the well head and may cooperate with the
intertubing string to define a pressure imposing cham-
ber wherein pressurized gas is introduced into the well
in order to cause a pneumatic pumping action to occur.
The outer chamber below the crossover mechanism
may constitute an outer pumping chamber wherein hot

~water disposed therein may be caused to vaporize into
steam and provide a motive force that causes the flow
of oil or oil water mixture disposed within the outer
pumping chamber to flow through a check valve into
the inner pumping chamber. The inner pumping cham-
ber is communicated through restricted passages
formed in the crossover mechanism to a flow chamber
defined by the annulus between the inner and outer
tubing strings within the well bore which annulus is, in
turn, communicated with a flow line to conduct pro-
duced fluid from the well to a handling or storage facil-
ity. The restricted passageways from the inner pumping
chamber to the flow chamber allow the development of
pressure changes to cause flashing of water into steam
in the flow chamber which develops a pressure condi-
tion that assists in transporting fluid within the flow
chamber upwardly through the outer tubing string to
the flow line.

The inner tubing string is communicated with a pres-
surized source of actuating gas such as compressed air,
compressed natural gas, or steam, which may be intro-
duced into the well to provide a motive or control force
for pneumatic displacement pumping of liquid from the
level of the oil bearing earth formation to surface for
production through the flow line extending from the
well head.

In employing the method of pneumatic type displace-
ment pumping in accordance with the present inven-
tion, a gas may be introduced into the inner conduit or
injection chamber at much lower temperature than the
temperature of the production fluid within the well
The cool gas causes condensation of at least a part of
the steam present within the inner conduit at the start
of a pumping cycle. The condensed water will flow
through the crossover mechanism into the outer pump-
ing chamber and steam within the outer pumping
chamber will also condense. Pressure within the inner
conduit will then be reduced by venting the inner con-
duit, thereby causing flashing of a portion of the water
content within the inner conduit and through the cross-
over passages will cause vaporization of a part of the
water content of the production fluid within the outer
pumping chamber, thereby creating sufficient pressure
to induce liquid within the outer pumping chamber to
flow through the check valve mechanism into the inner
pumping chamber. The liquid within the inner pumping
chamber will then flow through the restricted passages
of the crossover mechanism into a much larger flow

. chamber defined by the annulus between the inner and
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outer conduits. This chamber, being of much larger di-
mension, of course, causes sudden pressure reduction
of the liquid exiting from the restricted passages of the
crossover mechanism and causes a portion of the water
content of the liquid so exiting to vaporize or flash im-
mediately to steam. The steam, in addition to produc-
ing a pressure that induces upward flow of production
fluid within the flow chamber to the flow line at the
well head, also serves to lighten the column of fluid as
to cause an upward flowing action to occur, thereby
transporting oil contained in the mixture to the well
head where it is conducted away through the flow line.
With less than 50 pounds of flow line pressure, the
fluid, so produced, will be transported through the flow
line to a storage or handling facility.

The control valves are then manipulated to vent the
inner conduit and the outer pumping chamber in order
to reduce pressure therein. As the pressure reduces
below the formation pressure, the lower check valve of
the outer pumping conduit will open because of the
pressure differential thereacross and will communicate
the low pressure condition of the outer pumping cham-
ber to the well casing and to the formation. A portion
of the water content of the hot production fluid within
the casing will flash into steam and will force produc-
tion fluid from the casing into the outer pumping cham-
ber and through the crossover mechanism into- the
inner tubing string. Because there is more steam avail-
able than can be exhausted through the crossover
mechanism into the inner conduit, a back pressure de-
velops within the outer pumping chamber and within
the casing outwardly of the pumping mechanism. When
pressure conditions across the lower check valve be-
come substantially balanced, the lower check valve will
seat thereby entrapping the production fluid within the
outer pumping chamber. Also, because of the in-
creased pressure developed by the back pressure con-
dition, the steam begins to condense within the outer
pumping chamber and within the casing outwardly of
the pumping mechanism. When enough of the steam
has condensed and sufficiently lowered the pressure
within the outer pumping chamber and the inner con-
duit, the condensed water will flash again to steam and
force fluid again into the inner pumping chamber,
thereby initiating a subsequent pumping cycle.

The valve mechanism, including the crossover mech-
anism and the upper and lower check valve assemblies
may be extracted from the inner conduit simply by un-
locking the landing adapter from the landing nipple and
raising the inner conduit relative to the outer conduit.
When this occurs, fluid within the inner conduit will be
drained through the crossover passages into the outer
conduit and the inner conduit may be raised com-
pletely free of any hot liquid that might otherwise be
disposed above the crossover mechanism. The check
valves will of course retain a small quantity of fluid
below the crossover mechanism. The outer tubing may
also be removed completely free of fluid since its lower
extremity is completely open after removal of the
crossover mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited fea-
tures, advantages and objects of the present invention,
as well as others, which will become apparent, are at-
tained and can be understood in detail, more particular
description of the invention, briefly summarized above,
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may be had by reference to the embodiments hereof
which are illustrated in the appended drawings, which
drawings form a part of this specification.

It is to be noted, however, that the appended draw-
ings illustrate only typical embodiments of the inven-
tion and are therefore not to be considered limiting of
its scope, for the invention may admit to other equally
effective embodiments.

In the Drawings:

FIG. 1 is a sectional view of a well casing extending
through a well bore in the earth’s surface to an oil bear-
ing earth formation and also illustrating in simple me-
chanical terms the provision of a pneumatic displace-
ment type pump mechanism constructed in accordance
with the present invention within the casing structure
in position for pumping production fluid from the well.

FIG. 2 is a fragmentary sectional view of the well and
pumping mechanism of FIG. 1 illustrating the landing
nipple and landing adapter structures with the cross-
over passages formed therein, showing the mechanism
seated at its operative position.

FIG. 3 is a fragmentary sectional view of the mecha-
nism of FIG. 2 illustrating the liquid pumping mecha-
_ nism of the present invention as being unseated and
moved upwardly relative to the landing nipple for ex-
traction of the same from the well."

FIG. 4 is a schematic view of an oil production sys-
tem wherein an injection well is provided which injec-
tion well is surrounded by a number of production
wells, each of which being capable or producing oil that
migrates outwardly away from the injection well be-
cause of the formation pressure that is created at the
injection well by fire flooding operations or by injection
of steam into the formation. :

FIG. 5§ is a fragmentary sectional view of the upper
extremity of a fluid pumping mechanism constructed in
accordance with the present invention and illustrating
a modified well head structure and its valved connec-
tion to a flow line.

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings for a more detailed
understanding of the present invention and referring
~ specifically to FIG. 1, there is depicted in partial sec-
tion a typical earth formation having a well bore drilled
in intersecting relation with an oil bearing stratum of
the formation. As shown in FIG. 1 of the drawings, A
represents overburden of the formation while B repre-
sents a porous oil bearing portion of the formation, typ-
ically referred to as oil sand. The oil sand may be quite
thin, in the order of 4 to 5 feet thick or it may well be
50 to 100 feet in thickness or greater. In shallow oil
wells the oil sand will typically be in the order of 4 to
10 feet in thickness. Below the oil sand B there typi-
cally exists another earth formation C, referred to as
water sand, which contains either fresh or salt water de-
pending upon the particular environment involved and
an oil water contact level or interface 10 will typically
exist.

The well bore 12 in the earth formation will typically
be drilled to sufficient dépth for setting of a casing 14
in the earth formation, which casing may extend
slightly below the upper level of the oil sand. Ordi-
narily, a cement 16 is employed to firmly secure the
casing 14 to the wall structure defining the bore 12 in
the earth formation. As the casing is cemented, a plug
of cement is formed at the bottom of the casing and,

20

25

35

40

55

60

8

subsequent to setting of the cement, the plug will be
drilled out and a bore 18 will be drilled or otherwise
formed through the oil sand B and slightly into the
water sand C below the level of the oil/water interface
10. A perforated element 20, typically referred to as a
screen, may then be inserted through the casing 14 to
a position within the bore 18 with the lower perfora-
tions of the screen substantially at the oil/water inter-
face. If desired, the lower portion of the casing 14 may
be provided with an internal landing flange 22 cooper-
ating with an external flanged portion 24 formed on the
screen 20 for supporting the screen in proper position
relative to the casing. A packer 26 may be interposed
between the screen and casing to retain the screen in
position relative to the casing and to establish a sealed
relationship between the screen and the casing.

As shown in FIG. 4, an injection well 28 and a plural-
ity of production wells 30 are drilled in the earth to the
oil bearing formation or oil sand B and each of the wells
may have a casing and screen structure essentially as
depicted in FIG. 1. The injection well 28, however, will
be suitably connected to-a generating facility 32 capa-
ble of generating the compressed gaseous medium that
is to be employed in order to both heat and pressurize
the oil bearing earth formation and cause migration of
the oil away from the injection well 28 toward the pro-
duction wells 30.

At this point it should be understood that the crude
oil that is typically produced in flooding operations,
where such operations be fire flooding or steam flood-
ing, is a viscous crude petroleum product which, can-
not be efficiently produced from the formation by
pumping because the viscous crude oil will not flow
through the formation of its own accord in order that
it may be pumped by mechanically driven pumps. It is
typical for such oil bearing formations to be under little
or no formation pressure and, therefore, the oil will not
be caused to migrate by pressure toward the reduced
pressure area defined by a production well. It is neces-
sary, therefore, in order to produce viscous crude oil of
such nature, to heat the crude oil and thereby reduce
its viscosity to a readily flowable nature and to provide
artificial formation pressure in order that the oil con-
tained within the formation may be caused by such
pressure to migrate toward a producton well, where it
may be produced by any number of acceptable meth-
ods. One suitable method of developing heat and pres-
sure necessary for production of viscous crude oil from
shallow earth formations is typically referred to as ““fire
flooding.” In fire flooding operations heat in the oil
bearing earth formation is created by actual burning of
some of the crude oil that is locked within the forma-
tion and such burning, in addition to developing a for-
mation pressure because of the expansion of gases dur-
ing the burning operation, also produces sufficient heat
to reduce the viscosity of the crude oil to a consistency
where flowing will readily occur. Air or any other gasi-
form fluid medium containing a controlled amount of
oxygen to support combustion of the crude oil is in-
jected into the oil bearing earth formation through an
injection well. The air is injected at sufficient pressure
to cause combustion of a small amount of the crude oil
that is locked in the earth formation.

Another acceptable method of generating heat and
pressure for production of viscous crude oil is known
as “steam flooding™ where superheated steam is in-
jected into the oil bearing earth formation through an
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injection well. The steam when generated may be in the
order of 400°F and may be in the order of 250° to
350°F when entering the oil bearing earth formation
and the steam may be injected into the well at a pres-
sure in the order of 300 psi. The steam will migrate
through the oil bearing earth formation and cause the
oil entrapped therein to be reduced in viscosity such
that it migrates along with the steam to the production
wells surrounding the injection well. As the oil migrates
outwardly away from the injection well due to the for-
mation pressure that is developed by the steam, it is si-
muitaneously drawn toward the production wells due
to the low pressure condition that is developed as mi-
grating oil and steam enter the production wells and is
pumped to the surface.

Ordinarily, fluid displacement type pumping mecha-
nisms that are employed to produce wells wherein heat
and pressure are induced by steam or fire flooding op-
erations employ pumping mechanisms that must be
placed at a considerable level above the oil/water inter-
face that is established at the level of the screen, be-
cause vaporization or flashing of excessive amounts of
the water content of the production fluid into steam
will interfere with the pumping operation. When the
water content of the production fluid vaporizes into
steam, which vaporization is typically referred to as
“flashing,” the steam vapor may establish a vapor
locked condition between the check valves of the appa-
ratus. When this occurs, pressure changes within the
pumping mechanism merely achieve compression of
the vapor between the check valves but the check
valves will remain closed and prevent any fluid from
passing through the pumping mechanism. It is therefore
considered necessary to place the pumping mechanism
sufficiently above the oil/water contact level within the
well that a hydrostatic head of fluid within the well will
" prevent flashing of the water content of the oil into

steam. ’

The present invention, however, is specifically de-

signed to utilize flashing or vaporization of the water
content of the oil into steam for the purpose of provid-
ing a motive force that causes a flowing condition to
exist within the pumping mechanism. In accordance
with the present invention, one suitable fluid displace-
ment type pumping mechanism that utilizes vaporiza-
tion of the water content of the production fluid for as-
sistance in production of fluid from the well may con-
veniently take the form illustrated in FIG. 1 where a
well head, illustrated generally at 34, is disposed at the
upper extremity of thé casing 14 and provides a physi-
cal structure for supporting a pumping mechanism
within the well. An outer conduit 36 may be removably
supported by the well head 34 and may extend down-
wardly through the casing to a level slightly above the
upper extremity of the screen 20. A landing nipple 38
having an externally threaded portion 40 may be re-
ceived by internal threads 42 defined within the lower
extremity of the outer conduit 36. An internal locking
groove 44 may be formed in the landing nipple 38 and
may receive a locking mechanism 46 of a landing
adapter 48 that may be secured in any suitable manner
to the lower extremity of an inner conduit 50 that is
also removably supported adjacent the upper extremity
thereof by the outer conduit 36 and a sealed relation-
ship may be established between the. inner and outer
conduits by means of a packing device 52.
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As illustrated in detail in FIGS. 2 and 3, the landing
adapter 48 may be provided with an internally threaded
connector flange 54 that may receive the externally
threaded portion 56 of the inner conduit 50, thereby
causing" the inner conduit to support the landing
adapter and the pump mechanism carried thereby.

Again referring to FIG. 1 and also referring to FIGS.
2 and 3, an outer pump conduit 58 may be provided
having an internally threaded upper extremity 60 that
may be threadedly secured to the landing adapter by
external threads 62 formed on a reduced diameter por-
tion of the landing adapter. An internally threaded
flange 64 may depend from the landing adapter and
may receive the externally threaded upper extremity 66
of an inner pump conduit 68 thereby supporting the
inner pump conduit from the landing adapter.

It will be desirable to control the flow of production
fluid from the formation into the casing and into the
pump mechanism and to provide such control the pres-
ent invention may incorporate a valving mechanism es-
sentially as depicted in FIG. 1 of the drawings where
the outer pump conduit 58 may be provided with a
valve seat and cage structure 70 at the lower extremity
thereof. A valve ball 72 may be disposed within the
valve cage structure and may ordinarily rest in engage-
ment with a circular valve seat 74 to provide a seal that
separates an outer pumping chamber 76 from the cas-
ing. The ball 72 serves a check valve function and will
be moved upwardly from the seat 74 by pressure differ-
ential across the ball 72 in order to allow production
fluid to enter into the chamber 76 from the formation.
A cage 78 will prevent the ball 72 from being com-
pletely displaced from the valve and cage assembly but
will allow production fluid to flow freely past the valve
ball when such flow is initiated.

A ball and cage assembly 80 is likewise disposed at
the lower extremity of the inner pump conduit 68 hav-
ing a ball type check valve 82 that engages a seat 84 to
restrict downward flow of production fluid and to re-
spond to upward flow of production fluid caused by a
predetermined pressure differential to move upwardly
from its seat 84 and allow the flow of production fluid
into an inner pumping chamber 86. A cage element 88
prevents the valve ball 82 from being completely dis-
placed from the check valve and cage assembly 80.

The inner conduit 50 may represent an injection
chamber through which a pressurized medium is intro-
duced into the well to cause controlled pumping actua-
tion. It is desirable that communication be established
between the injection chamber 90 and the outer pump-
ing chamber 76 and such communication may be con-
veniently established by intersecting crossover passages
92 and 94 that may be formed in the landing adapter
48.

The annulus between the outer conduit 36 and the
inner conduit 50 may define a flow passage 96 that
serves to conduct produced fluid from the pumping
mechanism to the well head structure where it may be
conveniently carried from the well head by means of a
flow conduit 98 to any suitable storage or handling fa-
cility. It is desirable that the flow passage 96 be in fluid
communication with the inner pumping chamber 86
and such communication may be conveniently estab-
lished by means of intersecting crossover passages 100
and 102, also defined within the landing adapter 48.

To provide for controlled actuation of the pumping
mechanism it will be desirable to selectively communi-
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cate the pumping mechanism with a source S of pres-
surized medium such as air and to selectively vent the
injection chamber 90. Accordingly, the inner conduit
50 may be provided with a T-connection 104 at the
upper extremity thereof, which T-connection may be
connected to an actuating fluid supply conduit 106 and
a vent conduit 108. Pressurized fluid such as air may be
injected from the source S into the injection chamber
90 defined by the inner conduit 50 under control of an
automatic valve 110 that is selectively energized by a
controller mechanism 112. The controller mechanism
also actuates an automatic vent valve 114 that serves
to vent the injection chamber 90 to the atmosphere or
to any other suitable receiver for the vented fluid from
the injection chamber.

OPERATION

Steam assisted operation of the pumping mechanism
may be characterized by venting of the injection cham-
ber 90 through the vent conduit 108 with the valve 114
in its open condition at the end of an operative cycle
of the pumping mechanism. After the inner and outer
pumping chambers and the flow chamber have become
filled to a suitable level with production fluid entering
from the formation, which formation flow of produc-
tion fluid will be discussed hereinbelow a pumping
cycle will be initiated by the controller 112 which
causes closure of the vent valve 114 and simultaneously
opens the injection valve 110 thereby causing pressur-
ized medium to flow from the source S to the conduit
106 and into the injection chamber 90 defined by the
inner conduit 50. When steam assisted pumping opera-
tion is employed, the injected fluid will be air or any
other suitable gas which will be at a much lower tem-
perature than the temperature of the superheated
steam present in the pumping mechanism and within
the chamber 90.

As the low temperature medium is injected into the
chamber 90 it condenses the steam  vapors that are
present in the injection chamber and the water, so con-
densed, descends to the level of the crossover passages
92 and 94 in the landing adapter 48, whereupon the
water will flow through the crossover passages into the
outer pumping chamber 76. When the water that has
resulted from the condensation within the chamber 90
passes through the crossover passages into the chamber
76, an immediate pressure change occurs due to forc-
ing of the water through the restricted passages 92 and
94 and due to the much larger dimension of the cham-
ber 76. The pressure drop occurring as the superheated
water enters the outer pump chamber causes at least a
portion of the water content of the fluid to flash into
steam, creating enough of an explosive effect that
causes the liquid within the outer pumping chamber to
be forced through the check valve mechanism 80 into
the inner pumping chamber 86 and simultaneously
causes liquid in the inner pumping chamber to be
forced through the crossover passages 100 and 102 into
the flow chamber 96.

Because the flow chamber 96 is of much larger di-
mension than the dimension of the inner pumping
chamber 86 and because the liquid is forced through
the restricted crossover passages 100 and 102 a pres-
sure drop will be developed within the chamber 96
causing a portion of the water content of the produc-
tion fluid flowing into the chamber 96 to immediately
flash into steam. The steam serves to lighten the liquid
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column within the chamber 96 and cause an upward
flowing effect thereby carrying the liquid upwardly
within the flow chamber to the well head structure
where it exits through the flow conduit 98. With less
than 50 pounds of flow line pressure the fluid moves to
a storage facility such as a tank battery, where it is
stored under atmospheric conditions until it is trans-
ported away for further handling.

At this time the injection valve 110 will be closed and
the vent valve 114 will be opened thereby venting the
injection chamber 90 through the conduit 108 to the
atmosphere or to any other suitable receiver for the
vented gaseous medium. When this occurs the outer
pumping chamber 76 will also be communicated to the
atmosphere through the crossover passages 92 and 94
and the inner conduit 50. As such venting decreases the
pressure condition within the outer pumping chamber
below the pressure of the liquid disposed in the annulus
between the screen and the outer pump conduit 58.
When this occurs the pressure differential across the
contact area between the valve ball 72 and the valve
seat 74 will cause the ball to move upwardly thereby
communicating the screen chamber with the outer
pumping chamber 76 thereby venting the screen annu-
lus through the outer pumping chamber, the restricted
crossover passages 100 and 102 and the injection
chamber 90 to the vent conduit 108. As the pressure
decreases in the screen annulus, the water content of
the fluid within the screen annulus, because of its high
temperature, in the order of 250° to 350°F will immedi-
ately flash to steam, thereby creating steam pressure
within the screen annulus that forces liquid contained
therein through the check valve assembly and into the
outer pumping chamber 76. In view of the fact that
steam .is continuously generated while the vent valve
114 is open, the steam in traversing the restricted cross-
over passages 100 and 102 will develop a back pressure
within' the outer pumping chamber 76 and within the
annulus between the screen and the outer pump con-
duit 58, After the pressure induced by the steam has in-
creased to a predetermined level, the steam will begin
to condense within the screen annulus and liquid will
be forced through the check valve mechanism 70 into
the outer pumping chamber 76 completing the pump-
ing cycle. The next pumping cycle will be initiated sim-
ply by the controller 112 which reverses the surface
valves opening the valve 110 and closing the vent valve
114 in the manner discussed above.

Although the controller may be utilized for cyclically
introducing a pressurized cool gas into the injection
chamber 90 and venting the injection chamber to cause
displacement type pumping actuation in the manner
described above, it has been determined that displace-
ment pumping of production fluid will occur automati-
cally without cyclic operation of the valves after the
pumping operation has been initiated. As long as steam
is continuously introduced into the formation through
an injection well and enters the well bore through the
oil sand along with migrated crude oil, the pump mech-
anism will automatically pump production fluid from
the oil bearing formation and conduct it to the flow
conduit 98 as long as a back pressure of less than b 50
psi is maintained on the flow conduit. It has been deter-
mined that a back pressure less than 50 psi in the flow
conduit will allow the pumping operation to be auto-
matically accomplished without cyclic operation of the
valves 110 and 114 as long as the pump mechanism
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within the well is disposed at a sufficient level relative
to the screen to prevent a hydrostatic head from devel-
oping above the screen to the point that flashing of
steam is prevented in the annulus between the screen
and the outer pump conduit 58. With the control valves
closed condensation will occur naturally within the in-
jection passage 90 and the condensed fluid in the injec-
tion passage will flow through the restricted crossover
passages into the outer pump chamber where flashing
of the steam content of the liquid will occur because of
the pressure differential caused by flow across the re-
stricted passages and the flashing will force liquid
within the outer pumping chamber into the inner
pumping chamber and through the restricted crossover
passages 100 and 102 into the flow chamber 96. Flash-
ing of steam will occur in the flow chamber because of
the pressure differential existing across the restricted
passages 100 and 102 thereby causing the liquid col-
umn within the flow passage to be lightened and forced
upwardly where it is produced through the flow con-
duit.

In order for the pumping actuation to occur automat-
ically without cycling of the valves, it is necessary that
the water content of the production fluid be quite high.
It is therefore desirable to place the lower extremity of
the pump mechanism as close as conveniently possible
to the oil water contact level within the well and such
can be accomplished in accordance with the present
invention by placing the lower extremity of the pump-
ing mechanism within the screen as shown in FIG. 1. 1t
1s also necessary in order for pumping actuation to be
conducted automatically that back pressure on the flow
conduit and flow chamber be as low as conveniently
possible. It has been determined that back pressure
should be below 50 psi in order to achieve automatic
operation of the pumping mechanism without cycling
of the valves.

It has also been determined that displacement pump-
ing will occur when the valves are cycled and yet when
no pressurized gaseous medium is introduced into the
injection chamber 96 but only after injection induced
cycling has occurred for a particular period of time.
Flashing of the steam as it is forced in the form of high
temperature ‘water through the restricted crossover
passages in the landing adapter will occur automati-
cally and will induce pressurized fluid movement within
the pumping mechanism to produce an oil water mix-
ture in the flow conduit even though cycling of the
valves by the controller does not induce injection of a
pressurized gaseous medium into the injection chamber
90.

Referring now to FIG. 5 there is disclosed a modified
embodiment of the well head structure wherein a well
head illustrated generally at 116 includes conduits 118
and 120 that extend from the casing and are controlled
respectively by valves 122 and 124. An outer conduit
126 may be supported by the well head and may extend
into the well casing in similar manner as illustrated in
FIG. 1. An inner conduit 128 may be supported by the
outer conduit 126 and may extend downwardly into the
outer conduit in the same manner as shown in FIG. 1
with a sealed relationship between the inner and outer
conduits being established by means of a stuffing box
130. An injection conduit 132 controlled by an injec-
tion valve 134 may control introduction of pressurized
gaseous medium from a source S’ similar to the source
S illustrated in FIG. 1. An exhaust conduit 136 con-
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trolled by an ¢xhaust valve 138 may also be disposed
in communication with the conduit 128 in order to ex-
haust an injection chamber in similar manner as dis-
cussed above in connection with FIG. 1.

A flow conduit 140 may extend from the outer con-
duit 126 and may be controlled by means of a flow
valve 142 to conduit produced fluid to a suitable stor-
age facility. The flow conduit 140 may communicate
with the conduit 120 and may further be provided with
a pressure gauge 146 in order-to monitor the pressure
of the flow conduit.

A controller 148 may be provided for control of the
automatic valves 134 and 138 in the manner discussed
above in connection with FIG. 1 in order to cause pres-
sure induced cycling of the pumping mechanism or to
cause cycling of the valves as appropriate in order to
achieve automatic actuation of the pumping mecha-
nism. The pumping mechanism of the well structure set
forth in FIG. § will function in identical manner to that
illustrated in FIG. 1.

In view of the foregoing it is clearly apparent that |
have provided a novel displacement type pumping
mechanism that provides the capability of fluid pres-
sure induced or automatic fluid displacement pumping
of a production fluid from an oil bearing earth forma-
tion. It is apparent that the present invention is one well
adapted to attain all of the objects hereinabove set
forth together with other advantages which will be-
come obvious and inherent from a description of the
apparatus itself. It will be understood that certain com-
binations and subcombinations are of utility and may
be employed without reference to other features and
subcombinations. As many possible embodiments may
be made of the invention without departing from the
spirit or scope thereof, it is to be understood that all
matters herein set forth or shown in the accompanying
drawings are to be interpreted as illustrative and not in
a limiting sense. ’

What is claimed is:

1. Apparatus for flowing liquid from a well bore ex-
tending from the surface of the earth to a liquid bearing
earth formation, said apparatus comprising:

casing means extending into said well bore and defin-
ing a well head at the upper extremity thereof, said
casing being in fluid communication with said lig-
uid bearing earth formation;

outer conduit means being supported by said well
head and extending into said casing;

a landing nipple being coupled to the lower extremity
of said outer conduit means and defining support
means;

inner conduit means being removably supported by
said well head and extending into said outer con-
duit means, said inner conduit means cooperating
with said outer conduit means to define flow cham-
ber means;

landing adapter means being coupled to said inner
conduit means and being releasably and sealingly
engaged with said landing nipple;

outer pump conduit means being supported in sealed
relation by said landing adapter means and depend-
ing therefrom, said outer pump conduit defining a
pressure imposing chamber,

first valve means being carried by said outer pump
conduit means and allowing unidirectional flow of
said production liquid from said casing means into
said pressure imposing chamber;
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inner pump conduit means being supported by said
landing adapter means, said inner pump conduit
means extending into said pressure imposing cham-
ber and being in fluid communication with said
outer conduit means;
second valve means being carried by said inner pump
conduit means and allowing unidirectional flow of
said production liquid from said pressure imposing
chamber to said flow chamber means;
means for selectively introducing pressurized fluid
into said pressure imposing chamber; and
means for conducting produced liquid from said flow
chamber means.
2. Apparatus as recited in claim 1, wherein:
said pressure imposing chamber is in fluid communi-
cation with said inner conduit means; and
said flow chamber means is in fluid communication
with said outer conduit means, outwardly of said
inner conduit means.
3. Apparatus as recited in claim 1, wherein:
said landing adapter means has first crossover pas-
sage means formed therein communicating said
inner conduit means with the annulus between said
inner and outer pump conduit means and second
Crossover passage means communicating said inner
pump conduit means with the annulus between said
inner and outer conduit means.
4. Apparatus as recited in claim 1, wherein:
said landing nipple is connected to the lower extrem-
ity of said outer conduit means;
said landing adapter is connected to the lower ex-
tremity of said inner conduit means; and
said inner and outer pump conduit means are con-
nected to the lower extremity of said landing
adapter.
S. Apparatus as recited in claim 1, including:
perforated means secured to the lower extremity of
said casing means and having perforations formed
therein communicating said liquid bearing earth
formation with said casing means.
6. Apparatus as recited in claim 5, wherein:
at least a portion of said inner and outer pump con-
duit means extend into said casing to a level dispos-
ing said first valve means below the level of produc-
tion liquid within said casing and perforated means.
7. A method of displacement pumping of a produc-
tion fluid including crude oil and water from an oil
bearing earth formation wherein production and injec-
tion wells are formed in the earth and are in communi-
cation with said formation and at least one injection
well continuously injects steam into said oil bearing
earth formation and wherein said production wells
each have apparatus defining an injection chamber, a
production fluid supply chamber being open to said
formation and receiving production fluid from said for-
mation, a first pumping chamber having valved com-
munication with said production fluid supply chamber,
a second pumping chamber having valved communica-
tion with said first pumping chamber and a flow cham-
ber being disposed in communication with said second
pumping chamber, said method comprising the steps
of:
causing production fluid including steam, water and
crude oil to enter said first pumping chamber from
said production fluid supply chamber;
condensing at least a portion of said steam in said
first pumping chamber into water;
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causing flashing of a portion of the water content of
said production fluid into steam in said first pump-
ing chamber and causing steam pressure forcing of
liquid and steam from said first pumping chamber
5 to said second pumping chamber;
condensing at least a portion of the steam content of
said production fluid in said second pumping
chamber into water; .
causing flashing of a portion of the condensed water
of said liquid in said second pumping chamber to
steam and causing steam pressure forcing of said
liquid and steam from said second pumping cham-
ber to said flow chamber;
condensing at least a portion of the steam content of
said production fluid in said flow chamber into wa-
ter; and
causing flashing of a portion of the condensed water
of said production fluid in said flow chamber to
lighten the column of the liquid in said flow cham-
ber and to cause steam forcing of liquid from said
flow chamber for production.
8. The method of claim 7, wherein:
said condensing of said steam in said first pumping
chamber is accomplished by injecting a fluid under
pressure into said injection chamber at a lower
temperature than the temperature of the steam
within said injection chamber.
9. The method of claim 7, wherein: said injected fluid
is air.
10. The method of claim 7, wherein:
steam entering said production fluid supply chamber
from said formation is caused to condense in said
production fluid supply chamber by controlled
modification of the steam generated pressure con-
dition within said production fluid supply chamber.
11. The method of claim 8, wherein the steps of claim
7 occur repetitively to" induce cyclic displacement
pumping actuation and including the steps of:
discontinuing injection of fluid into said injection
chamber after cyclic displacement pumping actua-
tion of said pumping has been conducted in accor-
dance with the steps of claim 7 for a predetermined
period of time;
continuing with cyclic displacement pumping actua-
tion in accordance with the steps of claim 7 in ab-
sence of injection of said fluid medium; and
maintaining a predetermined back pressure on said
flow chamber after discontinuing injection of fluid
into said injection chamber to allow controlled and
substantially continuous flashing of at least a por-
tion of the water content of said production fluid
into steam within said flow chamber.
12. Apparatus for flowing production fluid including
a mixture of oil and water from an oil bearing earth for-
mation wherein the earth formation is heated and pres-
surized by injection of a fluid into the formation and at
least one production well bore extends to the forma-
tion, said apparatus comprising:
casing means extending into said well bore and defin-
ing a well head at the upper extremity thereof, said
casing means being in fluid communication with
said oil bearing earth formation;
means communicating said casing means with said
formation;
pump means being disposed within said casing and
defining an injection chamber, a flow chamber and
first and second pumping chambers, said pump
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means defining first restricted passage means com-
municating said injection chamber and said first
pumping chamber and defining second restricted
passage means communicating said second pump-
ing chamber and said flow chamber;

first valve means controlling the flow of production
fluid from said casing into said first pumping cham-
ber, said inlet of said valve means being disposed
sufficiently near the oil/water contact within said
casing to prevent the hydrostatic head of the col-
umn of fluid within said well from interfering with
flashing of the water content of said production
fluid into steam;

second valve means controlling the flow of produc-
tion fluid from said first pumping chamber to said
second pumping chamber; and

means for selectively controlling injection of a pres-
surized medium into said injection chamber and
venting of said injection.chamber.

13. Apparatus as recited in claim 12, wherein:

said means for defining said flow chamber comprises
outer conduit means suspended within said casing
by said well head; and :

said means defining said injection chamber com-
prises an inner conduit means suspended by said
well head within said outer conduit means.

14. Apparatus as recited in claim 12, wherein:

said means communicating said casing means with
said formation is perforated means disposed at the
lower extremity of said casing means, said perfo-
rated means having been perforated along the
length thereof to ailow production fluid to enter

said casing means from said formation, the lower .

extremity of said perforated means extending
below the oil/water level within said formation.
15. Apparatus as recited in claim 13, wherein:
said first valve means is disposed in juxtaposed rela-
tion with said oil/water level.
16. Apparatus as recited in claim 14, wherein:
said pump means extends at least partially within said
perforated means.
17. Apparatus as recited in claim 12, including;
means for maintaining a minimum of back pressure
on the production fluid flowing through said flow
chamber to allow continuous flashing of the water
content of said production fluid into steam.
18. Apparatus for flowing production fluid including
a mixture of oil and water from an oil bearing earth for-
mation wherein the earth formation is heated and pres-
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surized by injection of a fluid into the formation and at
least one production well bore extends to the forma-
tion, said apparatus comprising:
casing means extending into said well bore and defin-
ing a well head at the upper extremity thereof, said
casing means being in fluid communication with
said oil bearing earth formation;
first and second casing valves communicating said
casing with a flow line and with a vent conduit, re-
spectively, said casing valves being closed during
operation of said apparatus and being opened to
balance the pressure conditions in said flow cham-
ber and said casing; i
pump means being disposed within said casing and
defining an injection chamber, a flow chamber and
first and second pumping chambers, said pump
means defining first restricted passage means com-
municating said injection chamber and said first
pumping chamber and defining second restricted
passage means communicating said second pump-
ing chamber and said flow chamber, said flow
chamber being in communication with said flow
line;
flow valve means connected in said flow line and con-
‘trolling flow of production fluid from said flow
chamber;
first check valve means controlling the flow of pro-
duction fluid from said casing into said first pump-
ing chamber, said inlet of said first check valve
means being disposed sufficiently near the oil/wa-
ter contact within said casing to prevent the hydro-
static head of the column of fluid within said well
from interfering with flashing of the water content
of said production fluid into steam;
second check valve means interposed between said
first and second pumping chambers and controlling
the flow of production fluid from said first pumping
chamber to said second pumping chamber;
a source of pressurized medium;
injection conduit means interconnecting said source
and said injection chamber;
valve means in said injection conduit for selectively
controlling injection of pressurized medium from
said source into said injection chamber;
an exhaust conduit being communicated with said in-
jection chamber; and
valve means in said exhaust conduit being controlla-

ble for venting of said injection chamber.
* * * * *



