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. (71) We, EXXON PRODUCTION
RESEARCH COMPANY, a corporation
duly organised and existing under the laws
of the State of Delaware, United States of
America, of Houston, Texas, United States
of America, do hereby declare the invention
for which we pray that a patent may be
granted to us, and the method by which it is
to be performed, to be particularly de-
scribed in and by the following statement:-

. This invention relates to injector valves
and subsurface safety valves and is particu-
larly concerned with an apparatus and
method that combines these valves so that
they are operated by the same fluid.

Surface controlled subsurface safety
valves have been used to control the flow of
production fluids from a producing forma-
tion to the surface of an oil or gas well.
These valves are normally controlled by
means of fluid pressure applied from a
surface fluid pressure source through a fluid

..., control conduit, such as a small tubing that

runs from the fluid source through the
wellhead into the annulus between the
tubing string and the well casing and to the
valve. Water, brine, oil, gas or a similar
inexpensive and readily available fluid is
normally used to control the safety valve.

An injector valve may be incorporated
somewhere in the tubing string of a well so
that chemicals can be periodically or con-

. tinuously injected into the tubing string

when the well is producing. Such will be the
case when it is desired to inject corrosion
inhibitors to prevent or alleviate excess
corrosion of the tubing string and the
wellhead, or when it is desired to inject a
solvent to prevent or alleviate the crystalli-
zation and subsequent deposition on the
tubing string of paraffins, asphaltenes. sul-

.. fur, carbonates, sulfates and similar salts

from the well fluids as they are produced
through the tubing string. The chemical
fluid, like the fluid that controls a subsur-

face safety valve, is normally supplied to the
injector valve from a surface pressure
source through a conduit, such as a small
tubing that passes from the pressure source
through the wellhead into the annular space
between the tubing string and the well
casing and to the injector valve. When it is
desired to inject the chemical fluid. fluid
pressure is exerted on the injector valve so
that it opens and allows the chemical fluid to
flow into the tubing string.

Heretofore. in situations where it was
desirable to have both an injector valve and
a subsurface safety valve incorporated into
the same tubing string. it was necessary to
have two separate surface fluid pressure
sources--one to control the safety valve and
the other to supply the chemical fluid to the
injector valve. Each of these fluid pressure
sources required its own fluid conduit con-
necting it to the valve it was operating.
Therefore, two separate flange assemblies
were required on the wellhead so that the
separate fluids could be injected through the
wellhead into their individual fluid conduits.

In certain instances the use of two fluid
conduits in a well may be impractical be-
cause of space limitation. Further, in high
pressure gas fields that contain large
amounts of corrosive fluids, such as hyd-
rogen sulfide and carbon dioxide, the well-
heads are designed to withstand the high gas
pressures and are therefore very expensive.
Any decrease in the number of flange
assemblies required on a wellhead will
significantly decrease the cost of the well-
head. Since a well drilled in such high
pressure gas fields will produce large
amounts of corrosive fluids. the injector
valve for injecting corrosion inhibitors into
the tubing string cannot be omitted to
thereby eliminate its associated flange
assembly and fluid conduit. Similarly. the
existance of high pressures in such a well
dictates the need to control the flow of well

1 569 323

50

55

60

65

70

75

80

85

90



1 569 323

10

15

20

25

30

35

40

45

50

55

65

fluids and therefore the subsurface safety
valve cannot be omitted thereby to elimin-
ate its associated flange assembly and fluid
control conduit. It can be seen from the
above discussion that in some instances it is
desirable to eliminate a second flange
assembly and a second fluid conduit from a
well and at the same time retain both the
injector valve and the subsurface safety
valve.

This invention provides an apparatus and
method that accomplishes the need referred
to above. It has now been found that a fluid
control conduit and its associated wellhead
flange assembly that would ordinarily be
needed to supply a subsurface safety valve
with its pressure control fluid can be elimin-
ated from a well that also contains an
injector valve by using a corrosion inhibitor
liquid that operates the injector valve as the
control liquid for the subsurface safety
valve. The corrosion inhibitor liquid is
supplied to the safety valve through the
same conduit that is used to supply the fluid
to the injector valve, thereby eliminating
the necessity for a separate conduit and
control fluid for operating the subsurface
safety valve.

The apparatus according to the invention
comprises a pressure responsive, liquid con-
trolled safety valve (which may be a surface
controlled subsurface safety valve) for con-
trolling liquid flow through a tubing string of
a well (e.g. an oil or gas well) combined with
a pressure responsive injector valve for
imjecting a corrosjon inhibitor liquid into the
tubing string. There are conducting means
connected to the injector valve and to the
safety valve whereby the pressure exerted
by the corrosion inhibitor liquid is used to
open both the injector valve and the subsur-
face safety valve. The injector valve can be
designed to open at an injection pressure
equal to or greater than the pressure needed
to hold the safety valve in the open position.
When the injector valve is designed to open
at a pressure greater than that needed to
open the safety valve, the corrosion inhibi-
tor liquid can be injected as desired by
increasing the pressure of the corrosion
inhibitor liquid in the fluid control conduit
sufficiently to open the injector valve.

The invention is described with reference
to the drawings in which

Figure 1 is a schematic sectional view
showing the apparatus of the invention
incorporated in the tubing string of a well:

Figure 2 is a schematic sectional view of
the upper portion of the apparatus of the
invention showing the injector valve:

Figure 3 is a continuation of Figure 2
showing the lower portion of the apparatus
of the invention. which contains the subsur-
face safety valve: and

Figure 4 is a horizontal cross-sectional

view of the injector valve taken on line 4-4
of Figure 2.

Referring to the drawings the oil or gas
well shown in Figure 1 includes a tubing
string comprised of a tubing 10 and a double
wall pipe 11 suspended in a well casing 12.
Double wall pipe 11 is composed of two
concentric pipes, outer pipe 22 and inner
pipe 23. Well fluids flow upward from a
subsurface producing formation 13 through
the tubing string to a wellhead, generally
designated by reference mumber 14. The
wellhead includes a production flowline 15
in which is located a valve 16, a master
control valve 17 and a flange assembly 18. A
source of corrosion inhibitor liquid 19 is
connected to the wellhead by flange assem-
bly 18 in such a manner as to be in fluid
communication with a fluid conduit 20,
which is the annular space between inner
and outer pipes 23 and 22 that comprise the
double wall pipe portion 11 of the tubing
string. A packer 21 seals the annulus be-
tween tubing 10 and well casing 12, thereby
forcing the flow of well fluids up through the
tubing string to the wellhead.

Figures 2 and 3 show an enlarged section-
al view of the double wall pipe portion 11 of
the tubing string with a tubular member 24
disposed therein. Tubular member 24 com-
prises a housing 44 that contains a flow
passageway 43, which is in fluid communica-
tion with the passageway of tubing 10. The
upper portion of tubular member 24, which
contains an injector valve or similar injec-
tion means 25, is shown in Figure 2. The
lower portion of the tubular member shown
in Figure 3 contains a subsurface safety
valve 40. Tubular member 24 may be
wireline insertable into and removable from
the tubing string. To insert the tubular
member. it is passed downward through
master valve 17 of the wellhead and lowered
into inner pipe 23 until it becomes seated on
a shoulder 27, which is formed at the lower
end of pipe 23. Once seated, the tubular
member is locked in place by forcing a
locking mandrel 28 into its down position,
which is shown in Figure 2. Before locking
occurs, the locking mandrel is held in its up
position by a shear pin 54. Sufficient force is
exerted on the mandrel by jars to break the
shear pin and move the mandrel downward.
As the mandrel moves downward, it forces
locking dogs 29 outward into annular recess
30 thereby locking tubular member 24 in
place inside inner pipe 23. To unlock the
tubular member. locking mandrel 28 is
pulled upward by wireline means so that
spring fingers 55 can force locking dogs 29
out of annular recess 30 into a groove 56
located at the bottom of the mandrel.

When locked in place tubular member 24,
together with inner pipe 23. forms a pas-
sageway 31, which is sealed off by an upper
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acker 32 shown in Figure 2 and a lower
spacker 33 shown in Figure 3. Passageway 31
18 connected to fluid conduit 20 by means of
a port 34.

Details of injector valve 25, which is
incorporated into housing 44 of tubular
member 24, are shown in Figure 2. A
channel 39 formed in housing 44 is in fluid
communication with passageway 31 at its
lower end and with flow passageway 43 at its
upper end. In channel 39 a valve ball 36 is

" held firmly in place on top of a hollow valve

seat 35 by a hollow valve sleeve 37, which
has slits or openings 41. The valve sleeve is
urged downward by spring 38. which is held
in place at its upper end by a hollow spring
retainer sleeve 57. Injector valve 25 is
shown in Figure 2 in its closed position. The
valve is opened when the fluid pressure in
channel 39 is increased to a level sufficient
to force valve ball 36 out of valve seat 35 by
compressing spring 38. Once the valve ball
is forced out of its seat, flow passageway 43
is put in fluid communication with passage-
way 31 via channel 39.

As can be seen in Figure 4, housing 44 of
tubular member 24 contains two injector

~valves. Valve 25’ is identical in structure to

valve 25. The actual number of injector
‘valves used will depend primarily on the
-amount of the corrosion inhibitor liquid it is

" desired to inject into flow passagesay 43. It

will be understood that the apparatus of the
invention is not restricted to the design of
the injector valve shown in Figure 2. Any
injector valve or similar injection means
that operates in such a fashion to preclude a

" chemical fluid from entering the tubing

string until a predetermined fluid pressure
level is reached may be used. Such injector
.means are described in the literature and
therefore will be familiar to those skilled in

" the art.

Details of subsurface safety valve 40,
which is disposed inside housing 44 of

“tubular member 24, are shown in Figure 3.

An upper valve sleeve 45 together with
housing 44 forms a pressure chamber 47.
which is in fluid communication with pas-
sageway 31 via an inlet port 48 formed in
housing 44. Upper O-rings 49 on housing 44
and lower O-rings 50 on valve sleeve 45 seal
off the upper and lower ends of pressure
chamber 47. Upper valve sleeve 45 is
slidable reciprocally within housing 44 and
when in its down position forms. together
with housing 44. chamber 51. A lower valve
sleeve 46, like upper valve sleeve 45. is
slidable reciprocally within housing 44 and
forms, together with housing 44. a chamber
52, which contains a spring biasing member
53. Spring biasing member 53 urges lower
valve sleeve 46 upward against a ball valve
26, which is seated between upper valve
sleeve 45 and lower valve sleeve 46. When

both the upper and lower valve sleeves are
held in their lowermost position by the fluid
pressure in chamber 47, as is shown in
Figure 3., the ball valve is open and will
allow producing fluids to flow through the
tubing string. When, however, spring bias-
ing member 53 forces both the upper and
lower sleeves into their upwardmost posi-
tions, the ball valve closes. thereby cutting
off the flow of production fluids through
flow passageway 43. Ball valve 26 is con-
structed similarly to standard ball valves
used in oil or gas wells and therefore will be
familiar to those skilled in the art,

It will be understood that the apparatus of
the invention is not restricted to the particu-
lar subsurface safety valve shown in Figure
3. Any standard type safety valve, including
safety valves containing closure mechanisms
other than a standard ball valve, that is
operated or controlled by a control fluid
from a fluid pressure source located at the
surface of the well may be used. Such safety
valves are described in the literature and
therefore will be familiar to those skilled in
the art.

The apparatus of the invention makes it
possible to use a corrosion inhibitor liquid
not only to supply an injector valve or
similar injection means but also to operate a
subsurface safety valve. The use of a cotro-
sion inhibitor liquid in this dual fashion
permits the elimination of a separate fluid
control conduit and its associated wellhead
flange assembly that would otherwise be
needed to supply a subsurface safety valve
with its individual pressure control fluid.

When the apparatus of the invention
depicted in Figures 1 to 4 is in operation. a
corrosion inhibitor liquid is supplied to
injector valves 25 and 25’ from liquid source
19 via fluid conduit 20. port 34, passageway
31. and channel 39. Similarly. the corrosion
inhibitor liquid is supplied to chamber 47 of
safety valve 40 from liquid source 19
through fluid conduit 20, port 34, passage-
way 31, and port 48. The corrosion inhibitor
liquid in pressure chamber 47 forces upper
and lower valve sleeves 45 and 46 downward
to their lowermost position as shown in
Figure 3. When the valve sleeves are in this
position, ball valve 26 is held in its fully
open position. This open position is main-
tained so long as sufficient fluid pressure to
overcome the bias of spring 53 is supplied to
the upper valve sleeve from fluid pressure
source 19. If the fluid pressure in chamber
47 decreases. lower and upper valve sleeves
46 and 45 will move upward under the bias
of spring 53. thereby causing ball valve 26 to
close. The safety valve is designed so that
ball valve 26 is in its fully open position
when the pressure applied from fluid source
19 is equal to a predetermined value. When
the apparatus of the invention is utilized in
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high pressure, sour gas wells, this value may
be as much as about 400 pounds per square
inch above the pressure inside flow passage-
way 43 at ball valve 26.

Although the apparatus shown in the
drawings may be designed so that the
injector valve 25 will open and allow injec-
tion of fluid when the pressure applied from
fluid source 19 is equal to the pressure
needed to hold safety valve 40 in its open
position, it is preferred that the injector
valve does not open unless the pressure is
greater than that needed to hold the safety
valve open. To accomplish the latter, spring
38 is designed such that it will compress only
when the pressure applied on valve ball 36 is
higher, preferably from about 20 to about
100 pounds per square inch higher, than the
pressure needed to hold the safety valve in
its fully open position. When it is desired to
inject corrosion inhibitor liquid, the press-
ure from source 19 is increased from the
level needed to maintain safety valve 40 in
its open position to a value sufficient to
overcome the biasing force of spring 38. Ball
36 is thereby lifted from seat 35 against
hollow valve sleeve 37, which compresses
spring 38. The corrosion inhibitor liquid
flows through open channel 39 into flow

assageway 43 where the corrosion inhibitor
iquid mixes with the production fluids.

The produced fluids usually contain hyd-
rogen sulfide, carbon dioxide or other cor-
rosive substances, and so the liquid supplied
to the injector valves 25 and 25" is a
corrosion inhibitor dissolved in some type of
carrier liquid such as water, diesel oil,
condensate, or the like.

As described above and shown in the
drawings, a corrosion inhibitor liquid is used
to operate both a subsurface safety valve
and an injector valve, both of which are
incorporated in a tubular member that is
inserted by wireline into the upper portion
of the tubing string. The fluid is supplied to
the safety and injector valves through a fluid
conduit formed by the annular space be-
tween two concentric pipes. It will be
understood that any type of fluid conduit
that will supply the chemical fluid simul-
taneously to both the subsurface safety
valve and the injector valve may be used in
lieu of the concentric pipe system shown in
the drawings. For example, a small diameter
tubing may be run from the fluid source
through the annulus between the tubing
string and well casing to each of the valves.
It will be forther understood that instead of
including both valves in a tubular member
that is placed in the upper portion of the
tubing string, the valves can each be incor-
porated in the tubing string itself at any
desired depth.

It should be apparent from the foregoing
that the invention provides an apparatus

and method in which a subsurface safety
valve is operated by the same chemical fluid
that supplies an injector valve or similar
injection means.

WHAT WE CLAIM IS:-

1. An apparatus for controlling the flow
of fluids through the tubing string of a well
and for injecting a corrosion inhibitor liquid
into said tubing string which comprises:

(a) a pressure responsive, liquid con-
trolled safety valve;

(b) a pressure responsive injector valve
for injecting said corrosion inhibitor liquid
into said tubing string of said well; and

(c) conducting means, connected to said
injector valve, for supply said corrosion
inhibitor liquid to said injector valve, said
conducting means also being connected to
said safety valve whereby said corrosion
inhibitor liquid serves as the pressure con-
trol fluid for said safety valve.

2. An apparatus as defined by claim 1
wheren said conducting means comprises a
small diameter tubing.

3. An apparatus as defined by either of
claims 1 and 2 wherein at least a portion of
said tubing string comprises two concentric
pipes and the annular space between said
pipes serves as said conducting means.

4. A method for simultaneously operat-
ing a pressure responsive, fluid controlled
subsurface safety valve that controls the
flow of liquids through the tubing string of a
well and a pressure responsive injector valve
for injecting a corrosion inhibitor liquid into
said tubing string which comprises:

(a) supplying said corrosion inhibitor
liquid simultaneously to said safety and
injector valves; and -

(b) exerting sufficient pressure on said
safety valve and said injector valve by
means of said corrosion inhibitor liquid to
hold said safety valve in its open position
and to open said injector valve.

5. An apparatus for controlling the flow
of fluids through the tubing string of a well
according to claim 1 substantially as-
hereinbefore described with reference to the
drawings.

K.J. VERYARD,
Agents for the Applicants,
15 Suffolk Street,
London SWI1Y 4HS,
England.

Printed for Her Majesty’s Stationery Office,
by Croydon Printing Company Limited, Croydon, Surrey, 1980,
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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COMPLETE SPECIFICATION
This drawing is a reproduction of
the Original on a reduced scale
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