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(54) INHIBITING GAS INJECTION INTO A WATER INJECTION WELL

(57) A system for inhibiting air or other corrosive
and/or oxidizing gas injection into an underground water
injection well(1) comprises a control device (26) which

automatically closes a water injection valve(20) when the
injection water level in an injection water storage reser-
voir(12) drops below a selected minimum level.
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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to a method and system
for inhibiting air and/or other corrosive and/or oxidising
gas injection into an underground water injection well.
[0002] When hydrocarbon oil or gas is produced from
an underground oil and/or gas containing formation, it
may occur that after a period of time water is concurrently
produced with the produced oil or gas. The produced
water may be contaminated with oil and/or other constit-
uents, and it may be decided to re-inject the produced
water into the earth formation. Such reinjection also may
improve recovery of hydrocarbon fluid from the earth for-
mation and may help maintaining the production rate of
the field over a longer period of time.
[0003] The document "Water Injection & Produced
Water Reinjection at Ravva" by Cairn India Limited dis-
closes a method of injecting produced water into an earth
formation. The injection water is pumped by electrical
submersible pumps from a depth of around 40 m and fed
to a water surge tank. The surge tank is gas blanketed
using natural gas to prevent oxygen contamination in the
injection water.
[0004] There is a need for an improved system for in-
jecting water into a borehole formed in an earth formation,
which obviates the need of gas blanketing the production
water and which overcomes other drawbacks of the prior
art.

SUMMARY OF THE INVENTION

[0005] In accordance with the invention there is pro-
vided a system for inhibiting gas injection into an under-
ground water injection well, the system comprising:

- a water injection conduit extending into the well;
- a water injection valve for selectively allowing water

to flow into the conduit via an inlet of the water injec-
tion valve;

- an injection water storage reservoir containing a
body of water in fluid communication with the inlet
of the water injection valve;

- a control device operative to close the water injection
valve when the level of the body of water reaches a
selected minimum level above said inlet.

[0006] When the water level in the water storage res-
ervoir has dropped to the minimum level and the water
injection valve is closed, water that already has entered
the conduit continues falling downwards thereby causing
a pressure reduction at the upper end of the conduit.
Such pressure reduction may lead to fluid being drawn
into the conduit, for example via small leaks at connec-
tions in a wellhead or a Christmas tree positioned above
the borehole. With the system of the invention there is
always a (small) column of water present above the inlet

of the water injection valve, even after the water injection
valve has been closed. Thus, if any fluid is drawn into
the conduit by the pressure reduction, such fluid will be
water and not air. In this manner it is achieved that oxygen
and/or other corrosive and/or oxidizing gas ingress into
the water injection conduit is prevented and that thereby
the risk of corrosion of the conduit and other wellbore
components is mitigated.
[0007] Suitably the reservoir is arranged to allow water
of the body of water to flow into the conduit via said inlet
by gravity. Furthermore, the control device may be op-
erative to open the water injection valve when the level
of the body of water reaches a selected level above said
minimum level.
[0008] In a practical embodiment the water injection
valve is located in a wellhead at the upper end of the
borehole. For example, the conduit may include a water
injection tubing connected to a hanger nipple suspended
in the wellhead, wherein the water injection valve is po-
sitioned in the hanger nipple.
[0009] Suitably a Christmas tree is positioned above
the wellhead, wherein the water injection valve is con-
trolled via a control line extending through a housing of
the Christmas tree and below a lower master valve of the
Christmas tree. The water injection valve may be a hy-
draulic valve, wherein the control line is a hydraulic con-
trol line.
[0010] The invention also relates to a method of inhib-
iting gas injection into an underground water injection
well, the method comprising:

- selectively allowing water to flow into a water injec-
tion conduit in the well via an inlet of a water injection
valve;

- providing a water storage reservoir containing a body
of injection water in fluid communication with the inlet
of the water injection valve;

- operating a control device so as to close the water
injection valve when the level of the body of water
reaches a selected minimum level above said inlet.

[0011] These and other features, aspects and advan-
tages of the method and system according to the inven-
tion are described in more detail in the following detailed
description of depicted embodiments and in the accom-
panying claims and abstract.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be described hereinafter in
more detail and by way of example, with reference to the
accompanying drawings in which:

Fig. 1 schematically shows an exemplary embodi-
ment of the system of the invention; and

Fig. 2 schematically shows a water injection valve
of the exemplary embodiment, in longitudinal sec-
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tion.

DETAILED DESCRIPTION OF DEPICTED EMBODI-
MENTS

[0013] In the following detailed description of depicted
embodiments and in the accompanying figures 1 and 2,
like reference numerals relate to like components. De-
picted features may be combined in different manners.
[0014] Referring to Fig. 1 there is shown a water injec-
tion well 1 extending into an earth formation 2, the well
1 being provided with a wellhead 4 and a Christmas tree
6 at surface 8. A conduit in the form of production tubing
10 extends into the well 1 to a depth where water is to
be injected into the earth formation 2. The production
tubing 10 is fluidly connected to a reservoir 12 via the
Christmas tree 6 and a conduit 14 interconnecting the
reservoir 12 and the Christmas tree 6 at an inlet 15 there-
of. The reservoir 12 contains a body of water 16 that has
been produced from a hydrocarbon fluid production well
(not shown). A liquid line solenoid valve 18 is provided
in the conduit 14 as an emergency shutdown valve.
[0015] A water injection valve 20 is provided at the up-
per end of the production tubing 10 and below a lower
master valve 22 of the Christmas tree 6. The water in-
jection valve 20 is hydraulically operated by a pump 24
and is arranged to selectively allow water to flow from
the reservoir 12 into the production tubing 10 via the con-
duit 14. A control device 26 is provided for controlling
operation of the water injection valve 20 via the pump 24
in dependence of the water level in the reservoir 12.
Thereto, the reservoir 12 is provided with a first gauge
28 that provides a first signal representing a minimum
level of the body of water 16. The minimum level is se-
lected slightly higher than the vertical level of the inlet of
the water injection valve 20. The control device 26 is pro-
grammed to induce the pump 24 to close the water in-
jection valve 20 upon receiving the first signal. Further-
more, the reservoir 12 is provided with a second gauge
30 providing a second signal representing a selected up-
per level of the body of water 16 above the minimum
level. The control device 26 is programmed to induce the
pump 24 to open the water injection valve 20 upon re-
ceiving the second signal.
[0016] Referring further to fig. 2 there is shown in more
detail a portion of the assembly of wellhead 4 and Christ-
mas tree 6. The assembly includes a tubing head 32 in
which the production tubing 10 is suspended on a tubing
hanger nipple 34. A tubing head adapter 36 is arranged
between the lower master valve 22 and the tubing head
32. The lower master valve 22 may be a conventional
gate valve with a gate member (not shown) arranged to
slide in transverse direction between an open position
and a closed position. The water injection valve 20 com-
prises a cylindrical housing 38 extending into the hanger
nipple 34 and having an annular shoulder 40 that rests
on a corresponding annular shoulder 42 of the hanger
nipple 34. A tubular upper portion 44 of the housing 38

extends into the lower master valve 22 and is sealed to
a cylindrical inner surface 46 thereof by annular seals
42, 44. An interior space 48 of the tubular upper portion
44 is in fluid communication with the production tubing
10 via a number of ports 50 provided in the housing 38.
[0017] Furthermore, the water injection valve 20 com-
prises a valve member 52 axially movable in a valve
chamber 54 of the housing 38 between an open position
and a closed position. In the open position water is al-
lowed to flow from the interior space 48 via the ports 50
into the production tubing 10. In the closed position the
upper end of the valve member 52 abuts against an an-
nular seat 56 of the housing 38 so as to prevent flow of
water from the interior space 48 via the ports 50 into the
production tubing 10. A compression spring 58 is provid-
ed to bias the valve member 52 to the closed position.
[0018] The valve member 52 is at the lower end thereof
provided with a piston 60 arranged in a fluid chamber 62
of the housing 38. The fluid chamber 62 is fluidly con-
nected to the pump 24 via a fluid channel 64 having a
first channel portion 64a passing through the housing 38.
A second portion 64b of the fluid channel 64 passes
through the lower master valve 22, below the gate mem-
ber thereof. The piston 60, the fluid chamber 62 and the
fluid channel 64 are arranged so that the valve member
52 moves to the open position when hydraulic fluid is
pumped into the fluid chamber 62 via the fluid channel 64.
[0019] During normal operation the control device 26
induces pump 24 to pump hydraulic fluid into the fluid
chamber 62 via fluid channel 64 so as to move the valve
member 52 to the open position. Water flows then from
the reservoir 12 via the conduit 14 and the Christmas
tree 6 into the interior space 48 of the housing 38. From
there the water flow via the ports 50 and the production
tubing 10 into an open lower section of the well 1 and
then further into the earth formation 2.
[0020] Upon the water level in the reservoir 12 reaching
the minimum level, the first gauge 28 sends the first signal
to the control device 26 which thereby induces the pump
24 to decrease the fluid pressure in the fluid chamber 62.
As a result, the compression spring 58 urges the valve
member 52 to the closed position so that the ports 50
become closed. The flow of water from the reservoir 12
into the production tubing 10 is thereby stopped. Due to
the minimum level of water in the reservoir being slightly
higher than the vertical level of the inlet of the water in-
jection valve 20, there will be a small hydrostatic column
of water present above the water injection valve 20 after
the flow of water has been stopped. Water that already
has entered the production tubing 10 continues flowing
downwards and thereby causes a reduced fluid pressure
in an upper portion of the production tubing 10. In the
prior art, such reduced fluid pressure involves the risk of
drawing air into the production tubing, for example via
small leaks in the wellhead 4 or the Christmas tree 6. Air
that has entered the production tubing 10 may lead to
enhanced corrosion of the production tubing and even-
tually may necessitate a full workover of the production
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tubing. With the system of the invention, only some water
from the small column of water may be drawn into the
production tubing after closing the water injection valve
20. In this manner the small column of water prevents air
from being drawn into the production tubing 10 after the
water injection valve 20 is closed. The risk of corrosion
of the production tubing 10 or any other wellbore com-
ponents is thereby mitigated.
[0021] Thereafter, continued supply of water from the
hydrocarbon fluid well to the reservoir 12 leads again to
a rise of the water level in the reservoir. After some time
the water level in the reservoir 12 reaches the upper level.
Thereby the second gauge 30 sends the second signal
to the control device 16 which then induces the pump 24
to open the water injection valve 20 so as to allow water
to flow again from the reservoir 12 into the production
tubing 10. Thus, the water level in the reservoir is main-
tained between the selected minimum level and the se-
lected upper level.
[0022] With the system of the invention it is achieved
that there is always a small column of water present
above the upper end of the production tubing, so that
ingress of oxygen into the production tubing is prevented.
[0023] Instead of the hydraulic control line for control-
ling the water injection valve extending through the lower
master valve of the Christmas tree, the hydraulic control
line may be provided at a separate spool of the wellhead
or at a special entrance of the Christmas tree.
[0024] In the light of the foregoing it will be understood
that the invention provides an improved method and sys-
tem for inhibiting air and/or other corrosive and/or oxidis-
ing gas injection into an underground water injection well
(1) because a control device (26) automatically closes a
water injection valve(20) when the injection water level
in an injection water storage reservoir (12) drops below
a selected minimum level.

Claims

1. A system for inhibiting gas injection into an under-
ground water injection well, the system comprising:

- a water injection conduit extending into the
well;
- a water injection valve for selectively allowing
water to flow into the conduit via an inlet of the
water injection valve;
- an injection water reservoir containing a body
of injection water in fluid communication with the
inlet of the water injection valve;
- a control device operative to close the water
injection valve when the level of the body of in-
jection water reaches a selected minimum level
above said inlet.

2. The system of claim 1, wherein the reservoir is ar-
ranged to allow water of the body of water to flow

into the conduit via said inlet by gravity.

3. The system of claim 1 or 2, wherein the control device
is operative to open the water injection valve when
the level of the body of water reaches a selected
level above said minimum level.

4. The system of any one of claims 1-3, wherein the
water injection valve is located in a wellhead at the
upper end of the water injection well.

5. The system of claim 4, wherein the conduit includes
a downhole water injection tubing suspended from
a hanger nipple in the wellhead of the water injection
well and the water injection valve is located in the
hanger nipple.

6. The system of claim 4 or 5, wherein a Christmas tree
is located above the wellhead, and the water injec-
tion valve is controlled via a control line extending
through a housing of the Christmas tree and below
a lower master valve of the Christmas tree.

7. The system of claim 6, wherein the water injection
valve is a hydraulic valve and the control line is a
hydraulic control line.

8. A method of inhibiting gas injection into an under-
ground water injection well, the method comprising:

- selectively allowing water to flow into the well
via an inlet of a water injection valve;
- providing an injection water storage reservoir
containing a body of water in fluid communica-
tion with the inlet of the water injection valve;
- operating a control device so as to close the
water injection valve when the level of the body
of water reaches a selected minimum level
above said inlet.

9. The method of claim 8, further comprising arranging
the reservoir so as to allow water of the body of water
to flow into a conduit extending into the well via said
inlet by gravity.

10. The method of claim 8 or 9, further comprising op-
erating the control device so as to open the water
injection valve when the level of the body of water
reaches a selected level above said minimum level.

11. The method of any one of claims 8-10, wherein the
injection water is injected via the water injection well
into a surrounding crude oil and/or natural gas con-
taining formation to enhance production of crude oil
and/or natural gas from the formation.

12. The method of any one of claims 8-11, wherein the
water comprises an aqueous well effluent, which has
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been concurrently produced with the produced crude
oil and/or natural gas, which aqueous well effluent
is contaminated with crude oil, gaseous and/or other
non-aqueous well effluents and is re-injected into the
earth formation.

13. The method of claim 12, wherein the method is used
to inhibit injection of air, methane, hydrogen sulphide
and/or other corrosive and/or oxidising gaseous flu-
ids into the water injection well and/or the surround-
ing crude oil and/or natural gas containing formation.

14. The method of any one of claims 8-10, wherein the
method is used to inhibit corrosion of well equipment
in a water injection well through which water is in-
jected into an underground aquifer or other perme-
able formation.
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