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(54) A downhole fluid injection assembly and a downhole casing system

(57) A downhole fluid injection assembly (1) for in-
jecting a treatment fluid (5) into an annulus (3) surround-
ing a well casing (2), the downhole fluid injection assem-
bly having a longitudinal axis (6) and comprising: - a tu-
bular part (7) for mounting as part of the well casing, - a
sleeve (8) having a first end (9) and a second end (10),
the sleeve surrounding the tubular part, and the first and

second ends being connected with the tubular part and
defining a space (11), - an aperture (12) arranged in the
tubular part for bringing an inside (14) of the tubular part
into fluid communication with the space, and - openings
(15) arranged in the sleeve for bringing the space into
fluid communication with the annulus, wherein the aper-
ture is arranged opposite the sleeve.
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Description

Field of the invention

[0001] The present invention relates to a downhole flu-
id injection assembly for injecting a treatment fluid into
an annulus surrounding a well casing. The invention fur-
thermore relates to a downhole casing system and a
method for treating an annulus by means of the fluid in-
jection assembly.

Background art

[0002] After completing a well, the hydrocarbon-con-
taining fluid in the reservoir does not always flow out of
the reservoir at a sufficiently high volume rate, and the
formation is therefore treated to increase the volume rate
of the fluid. One way of treating the formation is by in-
jecting acid through the openings in the casing at a high
velocity. However, this is not always sufficient to obtain
the desired flow, and there is therefore a need for a more
efficient way of treating the formation.

Summary of the invention

[0003] It is an object of the present invention to wholly
or partly overcome the above disadvantages and draw-
backs of the prior art. More specifically, it is an object to
provide an improved fluid injection system which pro-
vides a more efficient way of treating a formation.
[0004] The above objects, together with numerous oth-
er objects, advantages, and features, which will become
evident from the below description, are accomplished by
a solution in accordance with the present invention by a
downhole fluid injection assembly for injecting a treat-
ment fluid into an annulus surrounding a well casing, the
downhole fluid injection assembly having a longitudinal
axis and comprising:

- a tubular part for mounting as part of the well casing,
- a sleeve having a first end and a second end, the

sleeve surrounding the tubular part, and the first and
second ends being connected with the tubular part
and defining a space,

- an aperture arranged in the tubular part for bringing
an inside of the tubular part into fluid communication
with the space, and

- openings arranged in the sleeve for bringing the
space into fluid communication with the annulus,

wherein the aperture is arranged opposite the sleeve.
[0005] In an embodiment, the sleeve may comprise a
first opening and a second opening, the first opening be-
ing arranged closest to one of the ends and being larger
than the second opening.
[0006] Furthermore, the sleeve may comprise a sleeve
section arranged between two adjacent openings, and
the aperture may be arranged opposite the sleeve sec-

tion.
[0007] Moreover, the sleeve section may taper radially
towards the aperture.
[0008] Also, the sleeve section may have at least one
flow channel.
[0009] The downhole fluid injection assembly may fur-
ther comprise a spacing element arranged in the space.
[0010] The spacing element is arranged in the space
to minimise the risk of the sleeve being pressed up
against the tubular part so as to ensure that the space
stays intact to enable the treatment fluid to flow in the
space.
[0011] In one embodiment, the spacing element may
taper towards at least one of the ends of the sleeve.
[0012] Further, a plurality of spacing elements may be
arranged along the first axis.
[0013] Additionally, a plurality of spacing elements
may be arranged in the space around a circumferential
extension thereof.
[0014] Moreover, the spacing element may comprise
a helical string or rod wound around the tubular part within
the space.
[0015] Also, the spacing elements may be a plurality
of balls arranged in the space.
[0016] In addition, the spacing elements and/or the
balls may be made of a corrodible material.
[0017] Furthermore, the openings may be arranged in
a predetermined pattern.
[0018] Moreover, the openings may be arranged with
a mutual distance along the longitudinal axis.
[0019] Additionally, the mutual distance may decrease
towards at least one of the ends of the sleeve.
[0020] In an embodiment, the distance between the
openings may decrease towards at least one of the ends
of the sleeve.
[0021] In another embodiment, each opening may
have a size which increases towards at least one of the
ends of the sleeve.
[0022] In yet another embodiment, the opening closest
to one of the ends may be at least 20% larger than the
opening closest to the aperture, preferably at least 30%,
and more preferably at least 40%.
[0023] Furthermore, a plurality of apertures may be ar-
ranged opposite the sleeve.
[0024] Also, the apertures may have a mutual distance
along the longitudinal axis.
[0025] In addition, the aperture may be closable.
[0026] Further, the treatment fluid may be an acid or a
mixture of acids.
[0027] Additionally, the sleeve may be made of an acid-
resistant metal.
[0028] The present relation further relates to a down-
hole casing system comprising:

- a casing string,
- a fluid injection assembly according to any of the

preceding claims, the tubular part thereof being
mounted as part of the casing string, and
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- a first and a second annular barrier each mounted
as part of the casing string on opposite sides of the
fluid injection assembly.

[0029] The downhole casing system may further com-
prise an inflow section mounted as part of the casing
string between the first and second annular barriers.
[0030] Finally, the present invention relates to a meth-
od for treating an annulus by means of the fluid injection
assembly as described above, the method comprising
the steps of:

- isolating the annulus surrounding the fluid injection
assembly by means of the annular barriers,

- letting treatment fluid into the space via the aperture,
- distributing the treatment fluid along the longitudinal

axis of the fluid injection assembly, and
- letting the treatment fluid out through the openings

in order to treat the annulus.

[0031] The method may further comprise the step of
corroding the corrodible spacing element or balls in the
space.

Brief description of the drawings

[0032] The invention and its many advantages will be
described in more detail below with reference to the ac-
companying schematic drawings, which for the purpose
of illustration show some non-limiting embodiments and
in which

Fig. 1 shows a cross-sectional view of a downhole
fluid injection assembly according to the present in-
vention,

Fig. 2 shows a cross-sectional view of part of another
downhole fluid injection assembly,

Fig. 3 shows a cross-sectional view of part of yet
another downhole fluid injection assembly,

Fig. 4 shows a cross-sectional view of part of a sleeve
section of another downhole fluid injection assembly,

Fig. 5 shows a cross-sectional view of part of another
embodiment of the sleeve section of another down-
hole fluid injection assembly,

Fig. 6 shows a perspective view of a downhole fluid
injection assembly in which part of the sleeve has
been removed for illustrative purposes,

Fig. 7 shows a cross-sectional view of part of yet
another downhole fluid injection assembly, and

Fig. 8 shows a cross-sectional view of a downhole
casing system according to the invention.

[0033] All the figures are highly schematic and not nec-
essarily to scale, and they show only those parts which
are necessary in order to elucidate the invention, other
parts being omitted or merely suggested.

Detailed description of the invention

[0034] Fig. 1 shows a downhole fluid injection assem-
bly 1 for injecting a treatment fluid 5, illustrated by arrows,
into an annulus 3 surrounding a well casing 2. When com-
pleting the well, the production zones are subsequently
treated with acid injected from the casing through an ap-
erture 12 arranged therein, through the downhole fluid
injection assembly 1 and into the annulus. The downhole
fluid injection assembly comprises a tubular part 7 for
mounting as part of the well casing and a sleeve 8 sur-
rounding the tubular part. The sleeve has a first end 9
and a second end 10 and is at its ends connected with
the tubular part, thereby defining an annular space 11
between the sleeve and the tubular part. The annular
space is brought into fluid communication with an inside
14 of the tubular part by means of the aperture 12 ar-
ranged in the tubular part. The sleeve has openings 15
arranged in the sleeve for bringing the annular space into
fluid communication with the annulus. The aperture 12
is arranged opposite the sleeve 8, and the space 11 and
the openings 15 in the sleeve distribute the treatment
fluid 5 in such a way that only part of the treatment fluid
is injected directly into the annulus 3 opposite the aper-
ture, corroding merely one large hole in the formation 21.
By the present invention, the treatment fluid 5 is distrib-
uted along a longitudinal axis of the assembly and along
a circumference of the sleeve 8. Thus, the fluid 5 is dis-
tributed over a wider range than in prior art injection sys-
tems, thereby corroding a wider area of the formation 21.
[0035] The sleeve 8 has an increased thickness at its
ends 9, 10 for fastening the sleeve to an outside the tu-
bular part 7 while providing the annular space 11 opposite
the thinner part of the sleeve. The ends 9, 10 of the sleeve
8 may be welded onto the tubular part 7 or tightly fitted
around the tubular part. The annular space 11 functions
as a distributing channel distributing the treatment fluid
in such a way that it flows through all the openings 15 in
the sleeve 8, as illustrated by arrows in Fig. 1. The treat-
ment fluid 5 is thus distributed along the longitudinal axis
and along the circumference of the sleeve 8. The sleeve
8 comprises a sleeve section 16 arranged between two
adjacent openings 15, and the aperture 12 is arranged
opposite the sleeve section so as to ensure that the treat-
ment fluid 5 is not distributed directly into an opening but
is forced towards both ends 9, 10 of the sleeve.
[0036] In Fig. 2, a first opening 15a of the sleeve 8
arranged closest to one of the ends is larger than a sec-
ond opening 15b of the sleeve to be able to distribute the
treatment fluid even better than the sleeve of Fig. 1. The
pressure drops across the annular space, and by provid-
ing the sleeve 8 with larger openings near its ends, more
treatment fluid is let out of the first opening. The pressure
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of the treatment fluid near he ends of the sleeve 8 is lower
than that of the fluid injected through the openings closer
to the aperture 12. Thus, by varying the size of the open-
ings, substantially the same volume flow of the treatment
fluid entering through all openings in the sleeve is ob-
tained. The diameter d1 of the first opening 15a is larger
than the diameter d2 of the second opening 15b and so
forth. Thus, each opening 15a, 15b has a size d which
increases towards at least one of the ends of the sleeve
8. The opening 15 closest to one of the ends may be at
least 20% larger than the opening closest to the aperture
12, preferably at least 30%, and more preferably at least
40%. The openings 15 arranged between the opening
closest to the one end and the opening closest to the
aperture vary in size between the size of the first opening
15a and the opening 15e closest to the aperture.
[0037] As shown in Fig. 3, the openings 15 are ar-
ranged with a mutual distance x along the longitudinal
axis 6. The distance between the openings 15 decreases
towards at least one of the ends of the sleeve 8 so that
the openings are arranged more closely near the ends
of the sleeve than near the aperture 12 of the tubular part
7. Even though not shown, the distance between a couple
of adjacent openings may be the same, e.g. near the
ends of the sleeve, while the distance between the next
openings increases towards the aperture 12.
[0038] The sleeve section 16 of Fig. 4 tapers radially
towards the aperture 12, and the sleeve 8 is thus thicker
opposite the aperture. By having a tapering sleeve sec-
tion, the treatment fluid is diverted from flowing radially
to flowing axially towards the ends of the sleeve 8. Before
initiating the injection process, the sleeve section 16 may
be pushed radially inwards during installation of the
downhole fluid injection assembly 1 so that the sleeve
section 16 covers the aperture 12. The sleeve section 16
is therefore provided with flow channels 20 enabling the
treatment fluid to push the sleeve section radially out-
wards and to initiate distribution of the treatment fluid
along the annular space 11. In Fig. 4, the sleeve section
16 has a round shape when seen in cross-section, and
in Fig. 5 showing another embodiment of the sleeve sec-
tion, the sleeve section has a more triangular cross-sec-
tional shape. The flow channel 20 in the embodiments
of Figs. 4 and 5 has an inlet 22 arranged opposite the
aperture 12 and outlets 23 facing the ends of the sleeve 8.
[0039] In order to prevent the sleeve from bulging ra-
dially inwards during insertion of the downhole fluid in-
jection assembly 1, the downhole fluid injection assembly
further comprises a spacing element 17 arranged in the
annular space 11, as shown in Fig. 6. Thus, the spacing
element 17 is arranged in the annular space 11 to mini-
mise the risk of the sleeve being pressed up against the
tubular part 7 and to ensure that the annular space stays
intact to enable the treatment fluid to flow in the annular
space. The downhole fluid injection assembly 1 is shown
with the sleeve 8 partly removed to make the spacing
elements 17 visible. Thus, the sleeve covers the spacing
elements 17 and the apertures 12, and the spacing ele-

ments 17 is fastened to an outer face 24 of the tubular
part 7 extending along the longitudinal axis of the down-
hole fluid injection assembly 1. As can be seen, the
sleeve comprises a plurality of openings 15 arranged in
a predetermined pattern.
[0040] In one embodiment, the spacing element 17
may taper towards at least one of the ends of the sleeve,
and one spacing element extends from the sleeve section
16 towards the one end of the sleeve while another spac-
ing element extends from the sleeve section 16 towards
the other end of the sleeve. Thus, there is no spacing
element 17 opposite the apertures, and the treatment
fluid can therefore be distributed along the annular part
of the space and flow in through all channels provided
by the spacing elements.
[0041] The spacing element 17 may also be a helical
string or rod wound around the tubular part 7 within the
space 11.
[0042] In Fig. 7, the downhole fluid injection assembly
1 comprises a plurality of balls 18 arranged in the annular
space 11. The balls 18 function as spacing elements in
that they prevent the sleeve 8 from bulging radially in-
wards. The spacing elements 17 and/or the balls 18 are
made of a corrodible material, such as aluminium, but
may also be made of a ceramic material. By having the
spacing elements 17 and/or the balls 18 made of a cor-
rodible material, the acid corrodes the spacing elements
17 and/or the balls 18, allowing the fluid to flow freely in
the space 11. Thus, the pressure is no longer decreased
as much as when the spacing elements 17 and/or the
balls 18 are still in the space 11.
[0043] In Fig. 7, the tubular part 7 comprises a plurality
of apertures 12 arranged opposite the sleeve 8. The ap-
ertures 12 have a mutual distance along the longitudinal
axis 6. The apertures are closable by means of a sliding
sleeve 26 sliding in a groove 27 in the tubular part 7.
Before or after the treatment process, i.e. the injection,
the downhole fluid injection assembly 1 can be closed
off, e.g. while pressurising the casing for inflating/ex-
panding other components, such as a packer or an an-
nular barrier. Furthermore, the sleeve 8 is fastened to
the tubular part 7 by means of two connection parts 28.
The sleeve 8 may be fastened in the connection parts 28
by means of a threaded or welded connection.
[0044] When the treatment fluid 5 is acid, the sleeve 8
and the tubular part 7 may be made of an acid-resistant
metal.
[0045] Fig. 8 shows a downhole casing system 100
comprising a casing string 2, the downhole fluid injection
assembly 1 described above and a first and a second
annular barrier 50 each mounted as part of the casing
string on opposite sides of the fluid injection assembly
enclosing a production zone. The downhole casing sys-
tem 100 further comprises an inflow section 60 mounted
as part of the casing string between the first and second
annular barriers for letting hydrocarbon-containing fluid
into the casing after the treatment of the formation has
ended. The inflow section 60 comprises a screen or a
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filtering element ensuring that only oil and gas is let into
the casing. After passing the screen or filter, the hydro-
carbon-containing fluid is let into inflow channels, out
through a valve 61 and into the casing. The annular bar-
riers comprise en expandable sleeve which, prior to in-
jection of treatment fluid, is expanded, thereby isolating
the annulus surrounding the fluid injection assembly 1.
Then, the treatment fluid is let into the annular space of
the downhole fluid injection assembly 1 via the aperture
12 in the tubular part 7 and is distributed along the lon-
gitudinal axis of the fluid injection assembly and let out
through the openings 15 to treat the annulus.
[0046] By well fluid is meant any kind of fluid that may
be present in oil or gas wells downhole, such as natural
gas, oil, oil mud, crude oil, water, etc. By gas is meant
any kind of gas composition present in a well, completion,
or open hole, and by oil is meant any kind of oil compo-
sition, such as crude oil, an oil-containing fluid, etc. Gas,
oil, and water fluids may thus all comprise other elements
or substances than gas, oil, and/or water, respectively.
[0047] By treatment fluid is meant any kind of fluid for
treating the formation or reservoir to help the hydrocar-
bon-containing fluid, such as oil or gas, flow easier. The
treament fluid may be any kind of acid, such as HCl, H2S
or H2SO4 or any combination thereof. The treatment fluid
may also comprise proppants.
[0048] By a casing is meant any kind of pipe, tubing,
tubular, liner, string etc. used downhole in relation to oil
or natural gas production.
[0049] Although the invention has been described in
the above in connection with preferred embodiments of
the invention, it will be evident for a person skilled in the
art that several modifications are conceivable without de-
parting from the invention as defined by the following
claims.

Claims

1. A downhole fluid injection assembly (1) for injecting
a treatment fluid (5) into an annulus (3) surrounding
a well casing (2), the downhole fluid injection assem-
bly having a longitudinal axis (6) and comprising:

- a tubular part (7) for mounting as part of the
well casing,
- a sleeve (8) having a first end (9) and a second
end (10), the sleeve surrounding the tubular
part, and the first and second ends being con-
nected with the tubular part and defining a space
(11),
- an aperture (12) arranged in the tubular part
for bringing an inside (14) of the tubular part into
fluid communication with the space, and
- openings (15) arranged in the sleeve for bring-
ing the space into fluid communication with the
annulus,
wherein the aperture is arranged opposite the

sleeve.

2. A downhole fluid injection assembly according to
claim 1, wherein the sleeve comprises a first opening
(15a) and a second opening (15b), the first opening
being arranged closest to one of the ends and being
larger than the second opening.

3. A downhole fluid injection assembly according to
claim(s) 1 and/or 2, wherein the sleeve comprises a
sleeve section (16) arranged between two adjacent
openings and the aperture is arranged opposite the
sleeve section.

4. A downhole fluid injection assembly according to
claim 3, wherein the sleeve section tapers radially
towards the aperture.

5. A downhole fluid injection assembly according to any
of the preceding claims, further comprising a spacing
element (17) arranged in the space.

6. A downhole fluid injection assembly according to
claim 5, wherein the spacing element tapers towards
at least one of the ends of the sleeve.

7. A downhole fluid injection assembly according to
claim 5, wherein the spacing elements are a plurality
of balls (18) arranged in the space.

8. A downhole fluid injection assembly according any
of the claims 5-7, wherein the spacing elements
and/or the balls are made of a corrodible material.

9. A downhole fluid injection assembly according to any
of the preceding claims, wherein the openings are
arranged with a mutual distance (x) along the longi-
tudinal axis, which distance decreases towards at
least one of the ends of the sleeve.

10. A downhole fluid injection assembly according to any
of the claims 1-8, wherein the distance between the
openings decreases towards at least one of the ends
of the sleeve.

11. A downhole fluid injection assembly according to any
of the preceding claims, wherein each opening has
a size (d) which increases towards at least one of
the ends of the sleeve.

12. A downhole casing system (100) comprising:

- a casing string (2),
- a fluid injection assembly (1) according to any
of the preceding claims, the tubular part thereof
being mounted as part of the casing string, and
- a first and a second annular barrier (50) each
mounted as part of the casing string on opposite
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sides of the fluid injection assembly.

13. A downhole casing system according to claim 12,
further comprising an inflow section (60) mounted
as part of the casing string between the first and sec-
ond annular barriers.

14. A method for treating an annulus by means of the
fluid injection assembly according to any of the
claims 1 to 11, the method comprising the steps of:

- isolating the annulus surrounding the fluid in-
jection assembly by means of the annular bar-
riers,
- letting treatment fluid into the space via the
aperture,
- distributing the treatment fluid along the longi-
tudinal axis of the fluid injection assembly, and
- letting the treatment fluid out through the open-
ings in order to treat the annulus.

15. A method according to claim 14, further comprising
the step of corroding the corrodible spacing element
or balls in the space.
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