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(54) Title: REMOVING A WASTE COMPONENT FROM A HYDROCARBON FLUID

(§7) Abstract

The invention relates to a method of reducing an amount of a waste component present in a hydrocarbon fluid produced from an
earth formation via a wellbore formed in the earth formation, the hydrocarbon fluid flowing in a stream of fluid through the wellbore. The
method comprises a) inducing at least part of the amount of the waste component to move into a second fluid present in the stream of fluid
as said stream flows through the wellbore; and b) separating the second fluid with said at least part of the amount of the waste component
included therein, from the hydrocarbon fluid.
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REMOVING A WASTE COMPONENT FROM A HYDROCARBON FLUID

The invention relates to a method of reducing an
amount of a waste component present in a hydrocarbon

fluid 1n a stream of fluid produced from an earth

formation.

S Many o1l or gas wells produce, simultaneously with

the desired hydrocarbon fluid, undesired waste
components such as production water, HsS and COj». In
the case of production water, the ratio of produced
water/hydrocarbon fluid of most wells increases during

10 the lifetime of the well. This phenomenon is due to the
fact that for most hydrocarbon .reservoirs in the earth
formatlon the oil layer 1s located on top of a layer of
water of which the level increases as the reservoir is
depleted due to continued oil production. The produced

15 water 1s generally separated from the oil using
sultable separating means, for example settling tanks.

Apart from the produced water waste components like

H>S and COp are also produced in substantial amounts as
these gases are dissolved in the produced oil and

20 water. These components cause undesired environmental
pollution if not adequately removed from the
hydrocarbon fluid. It is therefore common technology to
remove such waste components, for example using a
regeneratlive treatment process. Such process regquires a

25 dedicated process plant downstream the wellbore at

surface, which process plant is generally expensive and
voluminous.

Another problem associated with the simultaneous
production of corrosive waste components, such as H»oS
30 and COp, 1s accelerated corrosion of the hydrocarbon

fluid production conduits (e.g. production tubings in
the wellbore).
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It 1s an object of the invention to provide an
improved method of reducing an amount of a waste
component present i1n a hydrocarbon fluid in a stream of
fluid produced from an earth formation, which method

requires less dedicated process equipment and involves

reduced corrosion of production conduits.

In accordance with the invention there is provided
a method of reducing an amount of a waste component
present 1n a hydrocarbon fluid produced from an earth
formation via a wellbore formed in the earth formation,
the hydrocarbon fluid flowing in a stream of fluid
through the wellbore: the method comprising
a) 1nducing at least part of the amount of the waste
component to move 1into a second fluid present in the
stream of fluid as said stream flows through the
wellbore; and
p) separating the second fluid with said at least part
cf the amount of the waste component included therein,

from the hydrocarbon fluid.

By moving the waste component into the second fluid
as the stream of fluid flows through the wellbore it is
achieved that a dedicated process plant at surface for
moving the waste component into the second fluid stream
1s obviated. Furthermore, the high temperature and
pressure of the fluid stream in the wellbore is
advantageous for the above indicated step a). For
example, quantities of gaseous waste components such as
H»S or COp have a relatively small volume under the
high pressure conditions downhole, whereas such
quantities would have a significantly larger volume at
surface conditions necessitating correspondingly large
surface processing equipment.

With the method of the invention it is further
achieved that corrosive waste components like H»S or
COp are substantlally absent from the production

condults downstream the separating step so that these
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condults are not subjected to the corrosive action of
the waste Components.

To further reduce the amount of processing
equlpment at surface, it is preferred that the second
fluid with said at least part of the amount of the
waste component included therein is separated from the
hydrocarbon fluid in the wellbore.

Preferably step a) comprises dissolving said at
least part of the amount of the waste component in the
second fluid, and step b) comprises separating the
second fluid with the waste component dissolved
therein, from the hydrocarbon fluid.

The method of the invention is particularly, but
not exclusively, suitable for removing H»S and CO» from
hydrocarbon fluid such as oil, since most produced ocils
contaln dissolved H2S and CO» which should be prevented
from being released to the atmosphere.

Sultably step a) comprises:

1) selecting a substance which reacts with the waste
component to form a reaction product which is soluble
in the second fluid;

11) 1inducing the selected substance to be present in
sald stream of fluid in the wellbore, whereby said
substance reacts with the waste component and the
reaction product substantially dissolves in the second
fluid of the stream of fluid.

The method of the invention is most efficient if
the selected substance is induced to be present in a
lower part of the wellbore where the hydrocarbon fluid
enters the wellbore. This can be achieved, for example,
by injecting said substance into the stream of fluid in
the wellbore via a condult extending into the wellbore.

In an attractive embodiment, the second fluid is
production water produced simultaneously with the
hydrocarbon fluid from the earth formation via said

wellbore. The amount of selected substance to be used




CA 02281698 1999-08-13

WO 98/41728 PCT/EP98/01765

can be reduced by separating part of the production
water from the stream of fluid prior to inducing the
substance to be present in the stream of fluid, so that
the reaction product substantially dissolves in the

5 remaining part of the production water.

Suitably the second fluid with the included waste
component 1s disposed by injecting it into the earth
formation via said wellbore and/or via another
wellbore. In this manner the waste components are

10 returned to the earth formation from which they were
produced, without causing any environmental pollution.

In case the waste components include HyS and CO»,
it 1s preferred to apply OH™ ions in the stream of
fluid so that the reaction product includes at least

15 one of the group of HS~™, 82—, HCO3™ and CO32‘ ions. The
OH™ 1ons can be formed by injecting a base into the
stream of fluid, or alternatively by electrolysis of
the second fluid, for example using a bipolar membrane.

The invention will be described in more detail in

20 the following examples.
Example 1

Hydrocarbon fluid in the form of o0il and gas is
produced from an earth formation via a wellbore. The
stream of produced fluid flows to surface through a
25 production tubing extending into the wellbore.
Generally the stream of fluid includes a substantial
amount of production water from the earth formation.
Furthermore, waste components like HsS and/or CO» are
also present as these components are dissolved in both
30 the oil phase and the water phase. In order to remove
H»S and/or COp from the oil phase, a base in the form
of NaOH is injected into the stream of fluid (e.g. by
injecting it into the production tubing or into the
annular space between the production tubing and the
33 wellbore casing) so as to mix with the stream of oil

and production water. The injected NaOH forms OH~ ions
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in the water phase which react with H2S and CO»

according to

HrS + OH™ & HS™ + HpO

HS™ + OH™ ¢ S4~ + H»pO
overall:

HoS + 20H™ < S2° + 2HpO0

CO», or HpCO3 (COp + HpO) can react with a base
accordlng to

HpCO3 + OH™ & HCO3~ + Hp2O or COp + OH™ <& HCO3~

HCO3~™ + OH™ ¢ C034~ + HpO
overall:

HoCO3 + 20H™ & CO034~ + 2H20 or COs + 20H™ &
CO32" + H2O

wherein the ions HS™, S<47, HCO3™ and CO32“ are
dissolved in the water phase; only HpS and CO» can be
dissolved in both the water- and the o0il phase. Thus,
by adding the base in the form of NaOH the
concentration of the HST, 82‘, HCO3™ and CO32“ ions in
the water phase increases, leading to a decrease of H»S
and CO» in the oil phase. This effectively implies a
transfer of H»S and COp from the o1l phase to the water
phase.

Optionally, before adding the base at least part of
the production water 1s separated from the fluid
stream, the advantage being that less amount of base is
to be added 1n order to achileve the desired pH.

Conversely, when the concentration of HoS and CO»
in the o0il phase 1s relatively high, an extra injection
water stream can be mixed with the total oil/water
stream produced from the wellbore 1n order to create a
larger water volume in which the H»S and COs and the

resulting ions are dissolved.
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Subsequently the water phase in which the ions HS™,
52, HCO3~ and CO32‘ are dissolved, is separated from
the o1l phase using one or more separators (for example
cyclone separators) which can be positioned in the
wellbore or at surface. The separated water with the
dissolved ions is subsequently injected into the earth
formation via an injection tubing extending in the
wellbore. Alternatively the water with the dissolved
ions can be injected into the earth formation via
another wellbore. In case the above indicated ions have
a tendency of scale precipitation in the injection

tubing, a scale inhibitor or an acid can be added to

the water stream in the injection tubing to prevent
such scaling or to dissolve precipitated scale.
Example 2

A stream of hydrocarbon fluid (oil/gas) containing
HpS and CO» 1s produced from an earth formation via a
production tubing in a wellbore, the difference from
example 1 being that there is no water simultaneously
produced from the formation. In order to apply the
method according to the invention, a second fluid in
the form of water is inserted into the stream of fluid
by 1njecting the second fluid through a suitable
condult into the stream of fluid via the wellbore. The
amount of second fluid to be injected depends on the
amounts of HpS and COp in the hydrocarbon fluid, but
generally (in case of o0il production) an amount as low
as 2 - 3 wt % of the o0il flow rate is sufficient.

The second fluid is injected so as to mix with the
hydrocarbon fluid in the annular space between the
production tubing and the wellbore casing, at the level
of the producing zone. Prior to injecting the water
into the hydrocarbon fluid stream, NaOH has been added
to the water which furthermore has been made
substantially free of scale-forming components like

barium, strontium and calcium. NaOH forms OH~ ions in
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the water phase, which react with the H»S and CO»
present in the stream of fluid according to the
reactions referred to in example 1. It is thereby
achieved that effectively the H»S and CO, are moved
into the second fluid, i.e. into the water phase. The
water with the dissolved HS™, S§4-, HCO3~™ and CO32~ ions
1s produced to surface where it is separated from the
hydrocarbon fluld. Alternatively, the step of
separating the water with the dissolved ions from the
hydrocarbon fluid can be carried out in the wellbore.
In the latter case, small sized cyclone separators
fitting in the wellbore, can be applied.

The separated water with the dissolved ions can be
injected into the earth formation via the same or
another wellbore, or it can be treated so as to remove
waste components therefrom. In the latter case, for
example precipitate forming components which react with
the dissolved ions (e.g. to form salts) can be added to

the water. The precipitate is subsequently removed from

the water.

The contact between water and the oil can be
intensified for example by using a contactor, a pump
for pumping the stream of o0il and water, or a
centrifuge.

It will be appreciated that in the above examples
NaOH has been indicated as a suitable substance to be
added to the fluld stream only by way of example, and
that there are numerous other substances which are
sultable for carrying out the method of the invention.
Examples of such substances are Ca(OH)jy, Mg(OH)», LiOH
and KOH.

.The amount of base to be used in applying the
invention can be determined from stoichiometric
conditions. For example, approximately 1.82 kg NaOH
would be needed per kg CO» to be removed, and
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approximately 2.35 kg NaOH would be needed per kg H5S
to be removed.

It will be appreciated that the method according to
the i1nvention can be applied both at onshore and
offshore oil/gas production wells.

In an alternative embodiment of the method
according to the invention, H»S can be removed from the
hydrocarbon fluid by conversion into HS™ and/or S<2-
using suiltable bacteria which are supplied to the

stream of fluid.

Furthermore, certain amines can be applied to bind

or convert COs present in the hydrocarbon fluid.
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NEW CLAIMS

1. A method of reducing an amount of a waste component
present 1n a hydrocarbon fluid produced from an earth
formation via a wellbore formed in the earth formation,
the hydrocarbon fluid flowing in a stream of fluid
through the wellbore: the method comprising

a) inducing at least part of the amount of the waste
component to move 1nto a second fluid present in the
stream of fluid as said stream flows through the
wellbore; and

b) separating the second fluid with said at least part
of the amount of the waste component included therein,
from the hydrocarbon fluid, wherein step a) comprises
dissolving said at least part of the amount of the
waste component in the second fluid by

i) selecting a substance which reacts with the waste
component to form a reaction product which is soluble
in the second fluid; and

1i) 1nducing the selected substance to be present in
sald stream of fluid in the wellbore, whereby said

substance reacts wlith the waste component and the

reaction product substantially dissolves in the second
fluid,

and wherelin step b) comprises separating the second
fluid with the waste component dissolved therein, from
the hydrocarbon fluid.

2. The method of claim 1, wherein the waste component
comprises at least one of H»S and CO»j.

3. The method of claim 1 or 2, wherein step ii)
comprises 1nducling the substance to be present in a

lower part of the wellbore where the hydrocarbon fluid

enters the wellbore.
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4. The method of any one of claims 1-3, wherein the
waste component comprises at least one of HoS and CO»,
and wherein sald substance includes OH™ ions, the
reaction product 1ncluding at least one of the grdup of
HS™, S4~, HCO3~ and CO3%~ ions.

5. The method of claim 4, wherein the OH- ions are
formed by at least one of the steps of injecting a base
into the stream of fluild, and electrolysis of the
second fluid.

o. The method of claim 5, wherein said substance 1is
injected 1nto the stream of fluid in the wellbore via a
condult extendling 1nto the wellbore.

7. The method of any one of claims 1-6, wherein the
second fluid 1s production water produced

simultanecusly with the hydrocarbon fluid from the

earth formation via said wellbore.

8. The method of claim 7, wherein prior to inducing
sald substance to be present in the stream of fluid,
part of the production water 1s separated from the
stream of fluid, whereby said reaction product
substantially dissolves 1in the remaining part of the
production water.

9. The method of any one of claims 1-8, wherein the
second fluid is i1nserted in the stream of fluid by
injecting 1t 1nto the stream of fluid via the wellbore.
10. The method of claim 9, wherein said substance 1is
dissolved in the second fluid, the second fluid with
the dissolved substance being injected into the stream
of fluid.

11. The method of claim 9 or 10, wherein prior to
injecting the second fluid into the stream of fluid,

the second fluid 1s made substantially free of scale-

forming components.

AMENDED SHESY
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12. The method of any one of claims 1-11, further

comprising after step b), removing the waste component

from the second fluid.

13. The method of claim 12, wherein a selected compounc

1s added to the second fluid which reacts with the
waste component so as to form a precipitate which
includes the waste component, whereafter the
precipitate 1s removed from the second fluid.

14. The method of any one of claims 1-11, comprising
the further step of disposing the second fluid with
sald waste component included therein by injecting it
into the earth formation via at least one of said
wellbore and another wellbore formed in the earth
formation.

15. The method ¢f any one of claims 1-14, wherein the
step of separating the second fluid with said at least
part of the amount of the waste component included
therein, from the hydrocarbon fluid, is carried out in

the wellbore.

lo. The method of any one of claims 1-15, wherein the

second fluid comprises water.
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