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(57) Abréegée/Abstract:
The present invention relates to a method and a device in connection with a method for transport or flow of gas and liguid in a pipe,
by which method there Is In the overall or part of the pipe mounted static mixing elements for achieving favourable flows In the pipe,
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(57) Abrege(suite)/Abstract(continued):
and for the purpose of being able to stimulate petroleum wells which have terminated production or almost terminated production

due to high pressure head resistance, it is according to the invention suggested that the pipe which is used, Is a production tubing
or production string extending substantially vertically from a production reservoir having a low pressure, and that the mixing
elements residing In the tubing Is arranged In such a manner that the gas bubbles in the oll are distributed optimally as carriers In
the oll, for thereby reducing and evening out the pressure head resistance in the tubing.
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(57) Abstract

The present invention relates to a method and a device in
connection with a method for transport or flow of gas and liquid in a
pipe, by which method there is in the overall or part of the pipe mounted
static mixing elements for achieving favourable flows in the pipe, and
for the purpose of being able to stimulate petroleum wells which have
terminated production or almost terminated production due to high
pressure head resistance, it is according to the invention suggested that
the pipe which is used, is a production tubing or production string
extending substantially vertically from a production reservoir having a
low pressure, and that the mixing elements residing in the tubing is
arranged in such a manner that the gas bubbles in the oil are distributed
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optimally as carriers in the oil, for thereby reducing and evening out NN lii
the pressure head resistance in the tubing. : ==
N3 In
N2 gif
el
N1 1,8
| |
i1
8 Ill
i
o
1
EN
B
7 T 8
A

............

------

.......................

...........................................

0000000000000000000000000000000000000000000000000000000000000000

000000000000000000000000000

...................................

................................................................................

.......................................................................................
.........................................

0.0.0.0’0.0.0.0‘ 900.0.0 LA R I R N M A N OO OO RSO OOON

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.......................................................

ooooooooooooooooooooooooooooo
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
oooooooooooooooooooooooooooooo
...........................................
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
00000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000
....................................................................

oooooooo
...........................................................

0000000000000000000000
.................
000000

¢ & &




CA 02301919 2000-02-18

WO 99/11905 PCT/NO98/00245

5

10

15

20

25

30

35

1

USE Or STATIC MIXING ELEMENTS IN CONNECTION WITH
FLOW OF GAS5 AND LIQUIDS THROUGH A PRODUCTION TUBING

Field of the invention

The following invention relates to a use in connection
with transport or flow through a production tubing string
in a petroleum well of gas and liquid from a petroleum
reservoir with low pressure, where the flowing fluid com-
prises a substantial liquid part and a less gas contribu-
tion, which gas mostly flows or bubbles past or through
the liquid in the production tubing.

Background of the invention

In other words, it can be said that the present invention
relates mainly to the type of petroleum wells which may
be termed an oil producer, such oil producer producing
mainly oil and some gas. This is different from petroleum
wells (reservoirs) which are termed gas producer's, which
gas producers often also produce some liquid, for example
in the form of condensate and water. By such a liquid
production (in a gas well) and low pressure in the reser-
voir, such a well could, however, gradually "drown", and
the need for gas lift may be required. Thus, the present

invention also relates to gas lift for gas wells.

Most petroleum producers (wells) will have a characteri-
sation somewhat between these extremes (liquid with some
gas - gas with some liquid), the liquid parts here being
considered as having reasonably low viscosity.

When an o0il producer (with some gas included) gradually
looses its productivity by falling reservoir pressure
(and lowest practical receiving pressure above ground),
the pressure head in the production tubing will gradually

balance the reservoir pressure. Production will then stop
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and the liquid level in the well will gradually come to

rest below ground level.

Gas which is still released from the oil production tub-

ing and in the zone close to the perforation, will bubble

up through the production string, and then without effec-

tively contributing to the reduction of pressure head.

It is in connection with this type of wells that the pre-

sent invention has been developed.

By such oil producing wells also the residual gas will
gradually be terminated, and in order to prevent such

wells from "dying" it is common to introduce gas lift to
reduce the pressure head resistance.

However, the present invention is to the fact of utilis-

ing the previously ineffective gas bubbles flowing
through or bubbling past the liquid in a production tub-

ing string, and then in surprising and new manner.

Prior art

From prior art there should be mentioned applicant's NO-
C-146.826 relating to the evening out of multi-phase flow

by means of static mixing elements.

Further, there are known static mixing devices in a well
from CA-C-1.300.002 and US 4.832.127, but in these cases

steam and water, respectively, is introduced in order to
improve the well productivity.

Comparison with prior_ art

It is previously known from applicant's NO patent 146.826
to use static mixing elements in rising pipes, but then
in connection with a different type of application,

namely a typical petroleum platform riser pipe, in which
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slugging flow may occur. The static mixing elements are
then mounted in order to even out or prevent the develop-

ment of such flow slugging, and the used mixing elements
must in this connection be regarded as energy damping Or

5 friction stimulating elements, which contributes in damp-
ening the excessive or pulsing energy giving rise to sald
"glugging". In other words, the flow pattern is trans-
ferred from “"slugging" to "mist flow" due to the changed
hydraulic conditions introduced by the mixing elements.

10
In contrary to such a use in order to avoid "slugging",
one has in connection with oil producing reservoir found
that even if the mixing elements in their basic design
are to be regarded as friction elements, they can sur-

15 prisingly be used as liquid lifters for petroleum wells
which produce substantially only liquid, which in turn 1is
too heavy to lift itself.

Without such mixing elements the few gas bubbles which

20 appear in the production tubing string, will only be
greater and greater the further up they rise, which 1is to
the fact that they becomé more and more ineffective as
regards their lifting contribution. By using static mix-
ing elements in that type of production reservoir which

25 is the case here, it has surprisingly been found that the
otherwise by-bubbling or through-bubbling gas will me-
chanically/hydraulically be finely distributed with such
a fineness in the dominating liquid volume, that there 1is
obtained a lower pressure head and thereby a stimulating

30 lifting effect for the resulting liquid/gas-mixture. Con-
sequently, according to the invention, there is given an
instruction of how the gas bubble energy can be chan-
nelled or converted into an energy stimulating result.

35 Likewise, by introducing, according to the invention, a
string of mixing elements in the production piping
string, the need for gas lift will be reduced because

there is achieved a lower mean pressure head, and then at
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a lower total gas flow rate. By only introducing a string
having such mixing elements in a production well of the
stated art, before said well is completely dead, it will
thus be possible to lncrease thé lifetime of the well un-
til, sooner or later, it is necessary to inﬁroduce addi-
ctional gas lift. For gas wells having low pressure and
ligquid production, wherein gas lift is installed, the re-
cquirement for lifting gas will also be reduced by the in-
troduction of a string of mixing elementcs.

3 ie description of e iT BIC 10N

The present invention 1is characterized by the use 1n
connection with transport or flow through a production
tubing string in petroleum wells of gas and liquid from a
production reservoir having low pressure, where the flow

comprises a substantial liquid fraction and a less

fraction of gas, which gas substantially flows or bubbles
by or through the liquid in the production tubing, of
static mixing elements arranged 1in the production tubing

string, which mechanically/hydraulically finely
distribute the otherwise by-bubbling or through-bubbling
gas with such a fineness in the liquid that there 1is

achieved a lower pressure head resistance and thereby a

stimulating lifting effect for the resulting liquid/gas-

mixture.

In other words, there is given not only an instruction

for a specific field of application, but also the

unexpected utilization of sugseless” large bubbles in the
form of distributed “small bubble carriers”. This
involves that the ligquid and the gas is given an

effective mean density which in character tends towards a

single-phase flow.
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It a8 important to recbgnisa in the present case, that
the introduction ¢of mixing elements in a'production tub-
ing, wherein productivity is good, will not contribute to
a further improvement of the productivity, but rather a
reduction due to the increased fall in pressure. Never-
theless., one has in connection with the present invention
surprisingly found that the introduction of the mixing
elements in a well at falling reservoir pressure, wherein
the pressure head in the production tubing.gradually
evens out the reservolir pressure, will involve the exact
opposite result, i.e. such "reduction elements® will op-'
erate in a completely opposite manner, namely to reduce
the pressure head resistance and stimilate. lifeing effect
for the liquid dominating liquid/gaSﬁmaxture.

Thus, especially when the production is unable to operate
alone and the flow is low and tha pressure héad is§ low,
the use of static mixing elements will give a positive
stimulating effect by the distribution of gas in liquid.

In a particular embodiment there is provided amethod for
transport or flow of gas and liquid through a production
tubing string in petroleum wells from a production
reservoir having low pressure, said method comprising the
steps of passing a mixture of liquid and a gas which flow
through or bubbles by the liquid ir. the production tubing
string; and
arranging static mixing elements in the production
tubing string to finely distribute the gas in the
liquid to achieve a lower pressure head resistance
and thereby a stimulating lifting effect for the

resulting liquid/gas mixture.
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Further features and advantages of the present invention

will appear from the following description taken in con-

Junctaion with the appending dra.wings, as well as from the
further attached patent claims.

10
Brief description of

drawings

Fig. 1 is a schemarical view illustrating the principle
of the present invention, especially used in a production

15 tubing string in a petroleum well, including an enlarged
cut-out of the production tubing string.

Fig. 2 is a schematical view illustrating a.further em-
bodiment of the invention. |

20 -
Fig. 3 is a schematical view illustrating the principle
according to the invention applied in commection with
further auxiliary devices.

25 Detailed descraption of embodiments
The invention can be used in a petroleum well with a pro-
duction tubing string as illustrated in the attached fig-
ure 1. -

30

The object of the invention is to stimulate petroleum
wells of the type as stated in the attached patent claim
1, and which has terminated - or almost texfminated the
production, by creating an optimum gas in liquid distri-

35 bution and an optimum profile of the average gas/ligquid
density along the extent of the production tubing string.
This in order to reduce the pressure head resistance at
the bottom of the string as regards the flow of

TR A R e e r Yot
WMNM-}M'&*‘YM-“W TN wi b g, abe STy ””M‘““,"ww
Wmm~w-.-\h--\ . -
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gas/liquid out of the reservoir.

The type of flow patterns which are found in typical pro-
duction tubings in petroleum wells, is dependent upon

gas/oil conditions and the pressure in the reservoir. The

invention can be utilised in petroleum wells wherein the
liquid portion is decreasing or terminates 1ts flow by
low reservoir head. By low head in the reservoir and a

great contribution of liquid 1in the flow from the reser-

voir to the production tubing, it will be possible that

the liquid flow in the production tubing is reduced or
stopped because the pressure head of the flow has become
relatively too largé. This because the gas to a large de-
gree flows or bubbles past the liquid in the production
tubing. In other words, by an unfavourably mixed gas and
liquid (gas bubbling through the liquid) the pressure
head resistance will strive towards the liquid column. By
mixing mechanically/hydraulically the liquid and the gas
in the production tubing it is possible to achieve an ef-
fective average density and a correspondingly lower pres-
sure head resistance. In other words, by a favourable
mixture of gas and liquid the mixture will have a charac-
ter of striving towards a single-phase having a mean den-
sity and correspondingly lower pressure head resistance.
It is this effect which is to stimulate the well flow
from oil reservoirs having low pressure.

The stimulation of dying wells, or wells having a low
reservoir pressure, is currently being done by stimulat-
ing the reservoir itself in order to increase the pres-
sure at the bottom of the production tubing or by devices
in the production tubing which help the liquid upwardly
in the production tubing. If the stimulation of the res-
ervoir itself to increase the pressure at the bottom of
the production tubing, is not practically possibly or ef-
fective, such devices in the production tubing helping
the liquid upwardly in the production tubing, will nor-
mally represent the selected method. Methods having wide-
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spread application comprises various downhole pumping de-

vices and gas lift systems.

The use in accordance with the invention is to the fact

5 that static mixing elements, here specifically designated
as N1-NN, are mounted in pipe lengths 1 of the overall or
parts of the production tubing string 3, see the example

in Fig. 1.

10 The elements N1-NN causes a mixing of the gas and the
liquid phases, and then by means of a plurality of split-
tings and mergings along'the extent of the pipe string.
The use, which 1is hete disclosed, is in principle not de-
pendent upon a specific type of mixing elements, the use

15 being substantially to the fact of improving the gas in
liquid distribution and to create an optimum profile of
the average gas/liquid density along the extent along the
production tubing by the right choice of mixer “fine-

ness".

20
In Fig. 1 it also appears that each tubing length of the

production tubing string 3 appropriately can have mounted
therein said static mixing elements N1-NN, which tubing

lengths 1 appropriately can be screwed together through
25 fittings 2 as a production tubing string 3 in the well 1in

question.

Further, the embodiment of Fig. 1 illustrates that

through the mounted mixing elements N1-NN there are pro-
30 vided a central guiding 5, to which guiding there via an

appropriate upper valve 4, can be conducted possible gas

for gas lifting. The guiding 5 can be made as a part of

the mixing element connection.

35 In Fig. 1 there is also illustrated an oil zone, or an

0il reservoir 6, from which gas and liquid 7 will flow
through appropriate perforations 8 to said production
tubing string 3 and upwards towards the well head S,
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where gas and liquid via appropriate valves are passed on
to a separator through a separator line 10.

It is previously known through Norwegian patent number

5 146.826, bearing the title "Method and equipment for eve-
ning out a rising multi-phase flow in slanting and verti-
cal pipes", that static mixing elements can be mounted 1in
rising pipes in order to level out, or prevent the crea-

tion of liquid "slugging". The use of the invention de-
10 scribe therein, should be a levelling out of the multi-
phase flow in rising pipes (platform risers) wherein the
flow rate was given, and was too low to avoid "slugging".
The previously known technique had not for its objection

to create an increase in the total flow in the rising

15 pipe.

A use of static mixing elements mounted in the overall or
parts of petroleum production tubing, as this 1is sug-
gested according to the present invention, thus repre-

20 sents a new application in relation to patent number
146 .826, because the objection is now to increase the to-
tal flow in dying petroleum wells. Consequently, this
novel application is primarily some sort of gas lift

without introduction of gas.

25
However, it is to be understood that the invention can be
used together with gas lift in order to reduce the need
for lifting gas. This for those cases wherein a further
increase of the production is wanted or possible.

30

In Fig. 2 there is illustrated a second example of a pe-
troleum well, wherein the present invention can find 1its

application, and wherein gas lift can also be used.

35 Possible lifting gas will here be supplied to the produc-
tion tubing 103 wvia a tubing 105 which runs on the out-
side of the production tubing 103, said lifting gas being

controlled by means of an appropriate upper valve 104.
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The gas can appropriately be introduced in the production

tubing 103 just above the perforations 108 towards the
oil reservoir 106.

Fig. 3 illustrates further example of the invention used
in connection with further auxiliary devices.

Also here there is from an oil reservoir 206 supplied gas
and liquid to the production tubing string 203 1in a pe-
troleum well, said gas and liquid being transported via
the well head 209 to a separator line 210. By means of
said auxiliary devices in Fig. 3 there will in the sepa-
rator line 210 be created a moderate sub-pressure or vac-
uum, which together with the use of said discussed mixing
elements N1~-NN in connection with Fig. 1, will further
contribute to the liquid lifting effect for petroleum

wells given by the gas bubbles in the liquid containing
little gas.

Even moderate vacuum will create a "Champagne" effect in
the wells in question, which can be utilised to a maximum

by the mixing elements N1-NN in order to reduce the pres-
sure head resistance.

Fig. 3 1llustrates aiso that said separator line 210 1is
connected with an ejector 211 which, in turn, is con-
nected to a separator tank 212, wherein 1s created a
small over-pressure. At the bottom of the separator tank
212 there is connected a pump 213 which from the tank 212
pumps out produced oil through an oil level valve 214,

which, in turn, is connected with the tank 212 via an ap-
propriate level meter 215.

Between the pump 213 and the oil level valve 214 there 1is
via an ejector control valve 216 connected a feedback

line 219 which, in turn, is connected to said ejector 211

for control of said moderate sub-pressure at the well
head 209. '
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From the top of the separator tank 212 there will via a
gas valve 217 be tapped off produced gas, under the sur-

veillance of a pressure meter 218.
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CLAIMS

1. A method for transport or flow of gas and liquid through a production tubing string in
petroleum wells from a production reservoir having low pressure, said method comprising the

steps of passing a mixture of liquid and a gas which flow through or bubbles by the liquid in
the production tubing string; and

arranging static mixing elements in the production tubing string to finely distribute the
gas in the liquid to achieve a lower pressure head resistance and thereby a simulating

lifting effect for the resulting liquid/gas mixture.

2. The method as stated in claim 1, and further comprising the step of providing the

liquid and the gas with an effective mean density which tends towards single-phase flow.

3. The method as stated in claim 1, and further compnising the steps of pre-mounting the
static mixing elements in said production tubing string elements and individually removing

said static mixing elements for replacement or maintenance:.

4. The method as stated in claim 1, and further comprising the step of providing said

static mixing elements either alone or in connection with means for supply of lifting gas.

5. The method as stated in claim 1, and further comprising the step of supplying the

lifting gas in a pipe which is carried on the outside of the production tubing string.

6. The method as stated in claim 1, and further comprising the step of connecting an

ejector for vacuum operation of a well head and a moderately pressurized receiving separator

at the top of the production tubing string.

7. The method as stated in claim 2, and further comprising the steps of pre-mounting the
static mixing elements in said production tubing string elements and individually removing

said static mixing elements for replacement or maintenance.

8. The method as stated 1n claim 2, and further comprising the step of providing said

static mixing elements either alone or in connection with means for supply of lifting gas.
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9. The method as stated in claim 2, and further comprising the step of supplying the

lifting gas in a pipe which is carried on the outside of the production tubing string.

10.  The method as stated in claim 2, and further comprising the step of connecting an

ejector for vacuum operation of a well head and a moderately pressurized receiving separator

at the top of the production tubing string.

11.  The method as stated in claim 3, and further comprising the step of providing said

static mixing elements either alone or in connection with means for supply of lifting gas.

12.  The method as stated in claim 3, and further comprising the step of supplying the
lifting gas in a pipe which is carried on the outside of the production tubing string.

13.  The method as stated in claim 3, and further comprising the step of connecting an

ejector for vacuum operation of a well head and a moderately pressurized receiving separator

at the top of the production tubing string.

14.  The method as stated in claim 4, and further compnsing the step of supplying the
lifting gas in a pipe which 1s carried on the outside of the production tubing string.

15.  The method as stated 1n claim 4, and further comprising the step of connecting an

ejector for vacuum operation of a well head and a moderately pressurized receiving separator

at the top of the production tubing string.

16.  The method as stated 1n claim 4, and further comprising the step of supplying the

lifting gas 1n a pipe which 1s carried on the outside of the production tubing string.
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