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DESCRIPTION

Background

[0001] In sandstone reservoirs, depending on the content and composition of clays in the
formation rock, injection of a low salinity water may result in loss of injectivity. This loss of
injectivity arises from formation damage in the near wellbore region of the injection well caused
by swelling of clays and migration of fines.

[0002] US Patent No. 3208528 teaches the phenomenon of loss of permeability ("clay
blocking™) when clays or other mineral fines become dispersed by fresh water, and the
dispersed particles bridge to partially dam interstices in the rock. It was found that treating a
water-sensitive formation by varying the salinity of the injection water such that the salt content
in the injected water is reduced gradually or in step-wise fashion while maintaining constant the
ratio of total salt concentration to divalent cation salt concentration until the salt concentration
in the water being injected has reached the desired degree of dilution mitigates the risk of
formation damage. Thus, this stepped or gradual reduction in salinity mitigates the risk of
"salinity shock" and of permeability damage leading to a loss of injectivity. W0O2007/138327
discloses a method of providing a supply of water of controlled salinity suitable for injection into
an oil bearing reservoir including the steps of: substantially desalinating a first feed supply of
water to provide a first supply of treated water of low salinity; treating a second feed supply of
water to provide a second supply of treated water having a reduced concentration of divalent
ions in comparison to the second feed supply and a higher salinity than the first supply of
treated water; and mixing the first supply of treated water and the second supply of treated
water to provide a supply of mixed water having a desired salinity suitable for injection into an
oil bearing reservoir. US2015/0083656 discloses a process and plant for providing a mixed
water stream of controlled salinity, and controlled low sulfate anion content for use as injection
water for a low salinity waterflood whilst mitigating the risk of formation damage, and controlling
sousing in the reservoir.

Brief Description of the Drawings

[0003] For a detailed description of the preferred embodiments of the invention, reference will
now be made to the accompanying drawings in which:

Fig. 1 is a schematic view of an embodiment of an integrated system for producing a blended
injection water of variable composition for use as an injection water during commissioning of a
low salinity water injection well.

Definitions
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[0004] Throughout the following description the following terms are referred to:

"High salinity feed water” is the water fed to a desalination plant and is typically seawater (SW),
estuarine water, aquifer water or mixtures thereof. Typically, the high salinity feed water has a
total dissolved solids content in the range of from 17,500 ppmv to 50,000 ppmv.

The unit "ppmv" is "parts per million on a volume of water basis" and is equivalent to the unit
llmg/Lll.

A 'reverse osmosis (RO) filtration unit" comprises a pressure vessel, alternatively called a
housing, containing one or more RO membrane elements, preferably, between 1 and 8 RO
membrane elements, in particular, between 4 and 8 RO membrane elements.

A "nanofiltration (NF) filtration unit" comprises a pressure vessel containing one or more NF
elements, preferably between 1 and 8 membrane elements, in particular, between 4 and 8 NF
membrane elements.

A "reverse osmosis (RO) stage of a desalination plant” is a group of RO filtration units
connected together in parallel. Similarly, a "nanofiltration (NF) stage of a desalination plant” is a
group of NF filtration units connected together in parallel.

A "membrane block" comprises stages of RO and NF filtration connected together to provide
concentrate staging and typically shares common valving and piping. A single membrane block
or a plurality of membrane blocks may be mounted on a skid.

"Main phase of a low salinity waterflood" refers to a phase of the low salinity waterflood
following commissioning of a low salinity injection well.

"Commissioning of a low salinity injection well" refers to a period of up to several days during
which the salinity of the injection water may be gradually reduced or there may be stepped
reductions in salinity until the composition of the injection well reaches a target composition for
the main phase of the low salinity waterflood.

An "injection system" comprises an injection line and one or more injection pumps for pumping
injection water through an injection well and injecting the injection water into the formation.

An "injection site” is the site of the injection system and may be onshore or offshore (e.g., on a
platform or Floating Storage and Offloading (FPSO) vessel).

"Injectivity” means the relative ease in which a fluid (e.g., an injection water) is injected into an
oil-bearing layer of a reservoir.

A"blending system" comprises a plurality of feed lines for feeding blending streams leading to
at least one blending point(s) and a discharge line for discharging a blended injection water
stream from the blending point(s).

"TDS concentration” is the total concentration of dissolved solids and typically has units of
ppmv (mg/L). In the case of an aqueous stream in embodiments described herein, the
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dissolved solids are ions such that the TDS concentration is a measure of the salinity of the
aqueous stream.

[0005] Sodium Adsorption Ratio (SAR) is used to assess the state of flocculation or of
dispersion of clays in the reservoir rock. Typically, sodium cations facilitate dispersion of clay
particles while calcium and magnesium cations promote their flocculation. A formula for
calculating the Sodium Adsorption Ratio (SAR) is:

[Na']
V(O.5[Ca™ T+ [Mg™])
wherein sodium, calcium, and magnesium cation concentrations of the blended injection water
are expressed in milliequivalents/litre.

SAR =

Detailed Description

[0006] According to a first aspect of the invention, there is provided an integrated system
comprising:

a desalination plant comprised of a reverse osmosis (RO) array (4) to produce a RO permeate
blending stream (9) and a nanofiltration (NF) array (5) to produce an NF permeate blending
stream (13);

a blending system;

a control unit (50);
and

an injection system for an injection well (20) that penetrates an oil-bearing layer (22) of a
reservoir, the injection system (17/18) comprising an injection line (17) and at least one
injection pump (18);

wherein the blending system (17/18) is configured to blend the RO permeate blending stream
(9) and the NF permeate blending stream (13) to produce a blended injection water stream
(15) and to pass the blended injection water stream (15) to the injection system (17/18),

wherein the control unit (50) is configured to dynamically alter operation of the blending system
to adjust amounts of at least one of the RO permeate blending stream (9) and the NF
permeate blending stream (13) to alter the composition of the blended injection water stream
(15) from an initial composition to a target composition,

wherein the control unit (50) is configured to monitor the pressure in the injection well (20) or at
a wellhead of the injection well (20) , in real time, for an increase in pressure to a value at or
above a threshold value; and, if the control unit (50) detects an increase in pressure to a value
at or above the threshold value, the control unit (50) either ceases to dynamically alter the
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composition of the blended injection water stream (15) or dynamically alters the composition of
the blended injection water stream (15), until the pressure falls to below the threshold value, or

wherein the control unit (50) is configured to monitor the flow rate of the blended injection
water stream (15) in the injection line (17) of the injection system (17/18) downstream of the at
least one injection pump (18), in real time, for a decrease in flow rate to at or below a threshold
value; and if the control unit (50) detects a decrease in flow rate to a value at or below the
threshold value, the control unit (50) either ceases to dynamically alter the composition of the
blended injection water stream (15) or dynamically alters the composition of the blended
injection water stream (15), until the flow rate increases to above the threshold value.

[0007] According to a second aspect of the invention, there is provided a method for operating
an integrated system according to the first aspect of the invention, the method comprising:

introducing a high salinity water feed (2) to the desalination plant;

producing an RO permeate blending stream (9) using the RO array (4) of the desalination
plant;

producing an NF permeate blending stream (13) using the NF array (5) of the desalination
plant; blending the RO permeate blending stream (9) and the NF permeate blending stream
(13) in the blending system; and

dynamically altering operation of the blending system during commissioning of the injection
well (20) to adjust amounts of at least one of the RO permeate blending stream (9) and the NF
permeate blending stream (13) to alter the composition of the blended injection water stream
(15) from an initial composition to a target composition for a main phase of a low salinity
waterflood by following a concentration profile for decreasing the salinity or ionic strength of the
blended injection water stream (15),

monitoring the pressure in the injection well (20) or at a wellhead of the injection well (20), in
real time, for an increase in pressure to a value at or above a threshold value, or monitoring
the flow rate of the blended injection water stream (15) in the injection line (17) of the injection
system downstream of the at least one injection pump (18), in real time, for a decrease in flow
rate to at or below a threshold value, and

ceasing to dynamically alter the composition of the blended injection water stream (15) or
dynamically altering the composition of the blended injection water stream (15) if the control
unit (50) detects an increase in pressure to a value at or above the threshold value or a
decrease in flow rate to a value at or below the threshold value, until the pressure falls to below
the threshold value or the flow rate increases to above the threshold value.

[0008] According to a third aspect of the invention, there is provided a method of producing a
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blended injection water stream via an integrated system according to the first aspect of the
invention, the method comprising: producing the reverse osmosis permeate stream (9);

producing the nanofiltration permeate stream (13);

blending at least a portion of the reverse osmosis permeate stream (9) with at least a portion
of the nanofiltration permeate stream (13) to provide the blended injection water stream (15)
having a first salinity;

injecting the blended injection water (15) into a wellbore via the injection system (17/18) that
penetrates the oil-bearing layer (22) of a reservoir, the injection system (17/18) comprising the
injection line (17) and at least one injection pump (18);

increasing a blending ratio of the reverse osmosis permeate stream (9) to the nanofiltration
permeate stream (13) to decrease the salinity of the blended injection water stream (15) from
the first salinity to a second salinity;

dumping a decreasing portion of the reverse osmosis permeate stream (9) while the blending
ratio is being increased,;

monitoring the pressure in the injection well (20) or at the wellhead of the injection well (20), in
real time, for an increase in pressure to a value at or above a threshold value, or monitoring
the flow rate of the blended injection water stream (15) in the injection line (17) of the injection
system (17/18) downstream of the at least one injection pump (18) , in real time, for a
decrease in flow rate to at or below a threshold value, and

ceasing to dynamically alter the composition of the blended injection water stream (15) or
dynamically altering the composition of the blended injection water stream (15) if the control
unit (50) detects an increase in pressure to a value at or above the threshold value or a
decrease in flow rate to a value at or below the threshold value, until the pressure falls to below
the threshold value or the flow rate increases to above the threshold value; and

maintaining the blending ratio when the second salinity is reached, wherein the blended
injection water stream (15) is injected into an injection well (20) that penetrates an oil-bearing
layer (22) of a reservoir.

[0009] According to a fourth aspect of the invention, there is provided a method of controlling a
composition of a blended injection water stream (15) with the integrated system of the first
aspect of the invention, the method comprising:

receiving, by the control unit (50) of an integrated system of the first aspect of the invention,
one or more composition parameters for the blended injection water stream (15);

automatically adjusting, by the control unit (50), one or more valves (V 1 - V 5) within the
blending system;
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blending the reverse osmosis permeate (9) with the nanofiltration permeate (13) in the
blending system to produce the blended injection water stream (15) in response to
automatically adjusting the one or more valves (V1-V5);

controlling, by the control unit (50), the one or more composition parameters for the blended
injection water stream (15) to meet corresponding one or more injection water composition
parameter targets by:

automatically adjusting in real time the one or more valves (V1-V5) to vary a flow rate of the
blended injection water stream (15), and to vary a blend ratio of the reverse osmosis permeate
(9) to the nandfiltration permeate (13) to produce the blended injection water stream (15)
having the one or more composition parameters meeting the one or more injection fluid
composition parameter targets;

injecting the blended injection water stream (15) into the wellbore via the injection line (17),

wherein controlling the one or more composition parameters is based on pressure in the
wellbore, pressure at the wellhead or flow rate in the injection line (17).

[0010] In the following discussion and in the claims, the terms "including” and "comprising” are
used in an open-ended fashion, and thus should be interpreted to mean "including, but not
limited to."

[0011] Instances described herein are directed to methods and integrated systems for
gradually reducing the salinity of an injection water during commissioning of an injection well to
an optimal value for the main phase of a low salinity waterflood.

[0012] An integrated system comprising a desalination plant, a blending system, and control
system for producing an injection water for a low salinity waterflood may be configured to allow
adjustments in the ratio at which reverse osmosis (RO) permeate (produced by an RO array of
the desalination plant) is blended with nanofiltration (NF) permeate (produced by an NF array
of the desalination plant), which can be referred to herein as a "blend ratio", during
commissioning of a low salinity injection well. Thus, in order to avoid "salinity shock", there may
be either a gradual or stepped decrease in salinity of the injection water from an initial value at
which there is negligible risk of formation damage to a target value for the main phase of the
low salinity waterflood at which there would otherwise be a potential for formation damage.
This decrease in salinity may be achieved by a gradual or step-wise increase in the blending
ratio of RO permeate to NF permeate. Once the target total dissolved solids (TDS)
concentration for the main phase of the low salinity waterflood is reached, the blending ratio
may be kept constant or substantially constant. By the blending ratio being kept "substantially
constant” is meant the blending ratio may vary within upper and lower limits that achieve a TDS
concentration within 5%, preferably within 2.5% of the target concentration for the main phase
of the waterflood. During the period of time over which there is a reduction in salinity of the
injection water, excess RO permeate from the RO units of the RO array may be discharged
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from the blending system, for example, into a body of water, via an RO permeate "dump line"
provided with a "dump valve". The rate at which the low salinity injection water is injected into
the injection well may initially be lower than the injection rate for the main phase of the low
salinity waterflood such that the injection rate is increased as the TDS concentration of the
injected water is close to or reaches the target TDS concentration for the main phase of the
waterflood. Accordingly, excess NF permeate from the NF units of the NF array may also be
discharged from the desalination plant during commissioning of the injection well, for example,
into a body of water, via an NF permeate "dump line" provided with a "dump valve". Once the
target TDS concentration and target injection rate are reached for the main phase of the low
salinity waterflood, dumping of RO permeate and of NF permeate can be decreased or ended
altogether because the output of the RO and NF permeates from the desalination plant can be
designed to match the blending ratio of RO permeate to NF permeate and the injection rate for
the main phase of the low salinity waterflood.

[0013] It is known that divalent cations may be beneficial for stabilizing reservoir rock that has
the potential to release fines, and thus, can function as fines stabilizing additive(s). In general,
"fines" can include clay particles and silica particles. Optionally, the integrated system may
have a by-pass line for the high salinity water used as feed to the RO and NF arrays of the
desalination plant as this high salinity water, for example, seawater (SW), typically contains
high levels of divalent cations. The by -pass line can be provided with a variable or adjustable
valve and can be in fluid communication with one or more of the NF permeate line, the RO
permeate line, or a combined RO/NF permeate line, thereby allowing the combined RO/NF
permeate stream to be blended with variable amounts of the high salinity water. Accordingly,
the divalent cation content of the injection water may be controlled to variable concentrations
during commissioning of the injection well.

[0014] However, when blending with seawater containing high levels of sulfate anions, the
souring or scaling risk for the reservoir can be taken into account. The person skilled in the art
will understand that not all reservoirs present a souring risk or a scaling risk. Thus, souring
may occur when a reservoir contains an indigenous population of sulfate reducing bacteria
(SRB) that obtain energy by oxidizing organic compounds while reducing sulfate to hydrogen
sulfide. Scaling may occur when connate water containing high levels of precipitate precursor
cations such as barium and strontium cations mixes with an injection water containing relatively
high amounts of sulfate anions resulting in the precipitation of insoluble sulfate salts (mineral
scales). The souring or scaling risk for a reservoir can be managed for example, by
maintaining the sulfate concentration for the blended injection water at or below about 100
ppmy, preferably at or below about 75 ppmv, yet more preferably at or below about 50 ppmv,
or most preferably, at or below about 40 ppmv.

[0015] It is also envisaged that one or more fines stabilizing additive(s) for stabilizing reservoir
rock that has the potential to release fines may be added to the low salinity injection water
during commissioning of the low salinity injection well. The fines stabilizing additive(s) may be
added to the injection water either in the form of a powder (e.g., from a hopper) or in the form
of a concentrate (e.g., from a concentrate tank). VWhere there is no hopper or storage tank for
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a concentrate available at the injection site, a concentrated solution of a fines stabilizing
inorganic salt may be delivered to the injection site by tanker and may be injected directly from
the tanker into the blended injection water. In the case of an offshore reservoir, the tanker is a
tanker ship.

[0016] The fines stabilizing additive(s) may be an inorganic salt such as a salt of a divalent
cation or a potassium salt. Preferably, the salt of the divalent cation is a calcium salt or
magnesium salt such as calcium chloride, calcium bromide, calcium nitrate, magnesium
chloride, magnesium bromide or magnesium nitrate. Preferably, the salt of the divalent cation
is calcium chloride or calcium nitrate. Preferably, the potassium salt is selected from potassium
chloride, potassium bromide and potassium nitrate.

[0017] The use of calcium nitrate, magnesium nitrate or potassium nitrate as a fines stabilizing
additive may be advantageous as a nitrate salt is often added to an injection water during the
main phase of a waterflood to provide souring control. Thus, nitrate salts encourage the growth
of nitrate reducing bacteria that may out-compete sulfate reducing bacteria for nutrients and
assimilable organic carbon. Accordingly, a concentrate tank for a nitrate salt may be available
at the injection site. Given that the flow rate of the injection water into the injection well during
commissioning of the injection well is generally lower than the flow rate into the injection well
during the main phase of the low salinity waterflood, the injection capacity at the injection site
for calcium nitrate, magnesium nitrate or potassium nitrate may be sufficient to provide the
concentration of calcium ions or potassium ions for the commissioning phase (typically, a
higher concentration is required for controlling formation damage during commissioning of an
injection well that for controlling souring or scaling during the main phase of the waterflood).

[0018] During commissioning of the low salinity water injection well, the composition of the
blended RO and NF permeate stream (that is optionally blended with a high salinity water such
as SW and/or with a fines stabilizing concentrate stream) may be controlled to a variable TDS
content, variable ionic composition (e.g., variable concentrations of individual ions or variable
concentrations of types of individual ions that may result in variable ratios of individual ions or
variable ratios of types of individual ions), a variable concentration of one or more fines
stabilizing additives, or variable pH, each of the foregoing typically to within pre-set limits. Thus,
initial values for chemical characteristics of the blended injection water (such as TDS
concentration, the concentrations of one or more individual ions, the concentrations of one or
more types of individual ions, the concentration of one or more fines stabilizing additives or,
optionally, pH) may be inputted into a control unit of the integrated system, and these values
may be subsequently adjusted automatically by the control system (either step-wise or
gradually) along a planned concentration profile (or optionally along a pH profile) until target
values for the chemical characteristics of the blended injection water for the main phase of the
low salinity waterflood are reached. Thus, there are initial and final set points for the
composition of the blended injection water and a concentration profile (and optionally a pH
profile) for moving between the initial and final set points. In general, the planned concentration
profile (and optional pH profile) alters the chemical characteristics of the blended injection
water over a time period.
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[0019] Managing the blending ratios of RO and NF permeate by changing the amount of RO
permeate that is dumped from the blending system via the RO dump line provides a robust
control of the TDS concentration set point for the blended injection water stream that can
respond rapidly to any decrease in injectivity encountered during commissioning of the
injection well (e.g., as an indication of formation damage). Thus, changing the amount of RO
permeate dumped from the blending system offers the potential for a faster response than if
an attempt was made to change the flow rates of feed water to the RO and NF arrays of the
desalination plant owing to the dead volumes in the lines leading from the RO and NF arrays to
the blending point(s) of the blending system.

[0020] The blending system for carrying out the blending of the various blending streams can
have a number of components and sensors. In some instances, the system can have
concentration sensors for measuring one or more of the total concentration of dissolved solids
(Ct), the concentrations of one or more individual ions (C;), the concentrations of one or more

types of individual ions (C; type) in one or more of the blending streams (the RO permeate

stream, NF permeate stream, and optional high salinity water stream (e.g., a SW stream)) and
in the blended injection water stream, or combinations thereof. Optionally, the system can have
pH sensors for measuring the pH of one or more of these streams. Optionally, the system may
also have a sensor for determining the concentration of the fines stabilizing additive(s) in the
fines stabilizing concentrate stream. A conductivity sensor may be used to determine TDS
concentration, ion concentration sensors (typically, glass sensors having membranes that are
permeable to specific ions or specific types of individual ions) may be used to determine the
concentrations of individual ions or types of individual ions, and pH sensors may be used to
determine the pH. In particular, the blending system may have ion concentration sensors for
measuring at least one of the chloride anion concentration, bromide anion concentration,
calcium cation concentration, magnesium cation concentration, potassium cation
concentration, nitrate anion concentration, and sulfate anion concentration of one or more of
the blending streams and of the blended injection water stream.

[0021] The system can also include flow rate sensors for measuring the flow rates of one or
more of: the RO permeate blending stream, the RO permeate dump stream, the NF permeate
blending stream, the NF permeate dump stream, the high salinity water blending stream, the
fines stabilizing concentrate stream, and the blended injection water stream.

[0022] The control unit includes a CPU (Central Processing Unit), a RAM (Random Access
Memory), a ROM (Read Only Memory), a HDD (Hard Disk Drive), I/F (Interfaces), and the like,
and is implemented by executing a predetermined control program stored in the ROM by the
CPU. The control program can configure the processor (when executed upon the processor) to
perform any of the steps and methods described herein.

[0023] The concentration sensors, the flow rate sensors, and any other sensors described
herein (e.g., pH sensors) may communicate with the control unit of the control system through
any suitable communication technology, such as a direct electrical connection, a wireless
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electrical connection (e.g., Wi-Fi, Bluetooth) or a fibre optic cable connection (e.g., fibre optic
telemetry line).

[0024] The composition of the blended injection water can be controlled by adjusting one or
more of the opening degree of the valve on the RO permeate dump line, the opening degree
of the valve on the optional high salinity water (e.g., SW) by -pass line, the opening degree of
the valve on the NF dump valve, or the opening degree of the valve on the optional fines
stabilizing concentrate line.

[0025] The control unit can determine the flow rates of the RO permeate stream, the NF
permeate stream, the optional high salinity water (e.g., SW) stream, the optional fines
stabilizing concentrate stream to be supplied to the blending point(s) of the blending system, or
combinations thereof to produce a blended injection water having a composition on the
planned concentration profile (or on a recovery concentration profile for dealing with an upset
condition) based on the ion concentrations Ct, Cj or | {ype and optionally based on the

concentration of any fines stabilizing additive(s). The controller can also adjust the flow rate
and composition of the blended injection water in response to any deterioration of injectivity,
and hence, in response to potential formation damage. For example, in such a case, the TDS
concentration of the blended injection water can be increased along a recovery concentration
profile to a value at which injectivity stabilizes and can be held at this value before a further
attempt is made to lower the TDS concentration of the blended injection water.

[0026] Thus, the control unit can adjust the flow rates of the various blending streams to the
blending point(s) of the blending system, and hence, the blend ratios of the various blending
streams to gradually move the composition of the blended injection water to the target
composition for the main phase of the waterflood without compromising injectivity (and, if
applicable, without risking souring or scaling of the reservoir). The control unit can adjust the
amount of RO permeate (or NF permeate) dumped from the blending system (e.g., overboard)
via the RO permeate dump line (or via the NF permeate dump line). The control unit can also
adjust the flow rate of the high salinity water stream that may be optionally blended with the RO
permeate and NF permeate to form the blended injection water via a flow control valve on the
high salinity water by-pass line. However, if desired, any excess high salinity water may also be
dumped from the blending system (e.g., overboard) via a high salinity water dump line
provided with a high salinity water "dump valve". The control unit can also adjust the flow rate
of the fines stabilizing concentrate that may be optionally blended with the RO permeate and
NF permeate to form the injection water via a flow control valve on the fines stabilizing
concentrate line of the blending system. Alternatively, where there is a concentrate tank for the
fines stabilizing concentrate that is provided with a metering pump to accurately dose the fines
stabilizing concentrate into the blended injection water, the control unit can adjust the amount
of fines stabilizing additive dosed into the blended injection water using the metering pump to
match the concentration profile for the fines stabilizing additive(s). The metering pump may be
linked to a flow rate meter that measures the amount of the fines stabilizing additive(s) added
to the blended injection water.
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[0027] The integrated system additionally comprises an injection system comprising an
injection line and one or more injection pumps for injecting the blended injection water into an
injection well penetrating an oil-bearing layer of reservoir rock.

[0028] The blending of the various streams is automated and controlled in real time based on
the impact of the change in composition (e.g., a change in TDS concentration, change in the
concentration of one of more individual ions or types of individual ions, a change in the
concentration of a fines stabilizing additive or a change in pH) of the blended injection water
stream on injectivity (e.g., as an indication of potential formation damage). A change in
injectivity may result in an increase in pressure in the injection well (hereinafter referred to as
"downhole pressure"), an increase in pressure at the wellhead of the injection well (hereinafter
referred to as "wellhead pressure"), a decrease in flow rate of the blended injection water in
the injection line of the injection system measured downstream of the injection pump(s)
(hereinafter referred to as "flow rate of the blended injection water"), or combinations thereof. If
necessary, the rate of reduction in TDS concentration (salinity) of the blended injection water
stream may be reduced, or the TDS concentration (salinity) may be temporarily held constant
or may be increased along a concentration recovery profile, if there is evidence of loss of
injectivity. Similarly, the rate of change in the ionic composition (rate of change in the
concentration of one or more individual ions or types of individual ions) or the rate of change of
the pH of the blended injection water may be reduced or the change may be temporarily
reversed along a recovery concentration profile (or the ionic composition may be temporarily
held constant), if there is evidence of loss of injectivity.

[0029] As discussed above, the integrated system comprises a control system. This control
system comprises a control unit into which can be inputted:

an initial composition for the injection water defined by initial set point(s) for one or more
chemical characteristics of the injection water;

a target composition for the injection water defined by target set point(s) for the one or more
chemical characteristics;

a planned concentration profile for the one or more chemical characteristics during
commissioning of the injection well;

one or more recovery concentration profiles for the one or more chemical characteristics for an
upset condition that occurs during commissioning of the injection well wherein the upset
condition is indicative of a loss of injectivity;

optionally, a planned pH profile and a recovery pH profile;
a target flow rate profile for the injection water during commissioning of the injection well; and

one or more of a maximum permitted increase in downhole pressure, a maximum permitted
increase in wellhead pressure and a maximum permitted decrease in flow rate of the blended
injection water in the injection line during commissioning of the injection well.
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[0030] The initial set point(s) for the chemical characteristic(s) define a composition for the
injection water having a lower risk of causing formation damage in the rock formation
surrounding the injection well as compared with the composition defined by the target set
point(s).

[0031] The chemical characteristics for the blended injection water can be selected from the
group consisting of the TDS concentration, ionic strength, the concentrations of one or more
individual ions (such as sulfate anions, nitrate anions, calcium cations, magnesium cations or
potassium cations), the concentrations of types of individual ions (such as monovalent cations,
monovalent anions, multivalent anions, multivalent cations, or divalent cations), ratios of types
of individual ions, ratios of individual ions (such as Sodium Adsorption Ratio), the concentration
of one or more fines stabilizing additive(s), and, the pH of the blended injection water stream.

[0032] The skilled person would understand that an increase in downhole pressure, an
increase in the pressure at the wellhead pressure or a decrease in flow rate of the injection
water in the injection line arises from a loss of injectivity of the blended injection water and may
be indicative of formation damage such that setting a limit on the increase in pressure (i.e. a
threshold value for the pressure above which there is unacceptable decrease in injectivity) or a
limit on the decrease in flow rate (i.e., a threshold value for the flow rate below which there is
an unacceptable decrease in injectivity) maintains the injection well in a safe condition that
limits the level of formation damage.

[0033] The planned concentration profile may include one or more of. a gradual decrease in
the TDS concentration; a gradual decrease in the concentration of one or more individual ions;
a gradual decrease in the concentration of one or more types of individual ions; a gradual
decrease in pH; a gradual change in the ratio(s) of individual ions; or, a gradual change in the
ratio(s) of types of individual ions and, a gradual decrease in pH. Alternatively, the
concentration profile may have stepped reductions in one or more of the TDS concentration,
the concentration of one or more individual ions, the concentration of one or more types of
individual ions, and in pH; or stepped changes in the ratios of individual ions or in the ratios of
types of individual ions. Each stepped reduction or stepped change is followed by a period of
time with no alteration to the composition of the injection water to determine if there is a
decrease in injectivity arising from formation damage.

[0034] The downhole pressure or the pressure at the wellhead is measured in real time using
a measurement device such as a pressure sensor that is linked to the control unit via any
suitable communication technology to provide feedback control. In the event of any increase in
downhole pressure or any increase in wellhead pressure to a value approaching the maximum
permitted inputted value, the control unit changes the concentration profile (e.g., by holding the
blending ratio of the RO permeate and NF permeate stream constant) until the pressure
stabilizes or begins to fall in the injection well or at the wellhead. Additionally, the flow rate of
the injection water in the injection line is monitored in real time using a measurement device
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such as a flow rate sensor that is linked to the control unit via any suitable technology to
provide feedback control. In the event of any decrease in flow rate to a value approaching the
inputted maximum permitted value, the control unit changes the concentration profile (e.g., by
holding the blending ratio of the RO permeate and NF permeate streams constant) until the
flow rate stabilizes or begins to increase in the injection line.

[0035] However, if the pressure or the flow rate does not stabilize, the control unit alters the
composition of the injection water by either moving back along the planned concentration
profile towards the initial set point(s) for the chemical characteristic(s) or may follow a recovery
concentration profile for an "upset" condition or state. This recovery concentration profile can
be inputted into the control unit and follows a plan for increasing one or more of the TDS
concentration, the concentrations of the one or more individual ions, the concentrations of one
or more types of individual ions, or the concentration(s) of fines stabilizing additive(s) in the
event that the downhole or wellhead pressure does not stabilize (or the flow rate in the
injection line does not stabilize). Thus, the control system may alter the composition of the
injection water along the planned concentration profile or recovery concentration profile by one
or more of increasing the amount of RO permeate dumped from the blending system,
increasing the amount of the optional high salinity water blending stream in the blended
injection water or the amount of the optional fines stabilizing concentrate stream in the blended
injection water.

[0036] In some instances, the initial set point for the TDS concentration of the injection water
during commissioning of the injection well may be in the range of 10,000 mg/L to 22,500 mg/L,
preferably, 15,000 mg/L to 17,500 mg/L. The target set point for the TDS concentration of the
injection water for the main phase of the low salinity waterflood is typically in the range of 500
to 5,000 ppm, preferably, 500 to 3,000, in particular 1,000 to 2,000 ppm. The TDS
concentration is preferably reduced during commissioning of the injection well over a period of
time of up to one week, for example, two to five days.

[0037] When individual ion concentrations are taken into account, the calcium ion
concentration of the injection water may be decreased from an initial set point of about 400
mg/L to a target set point in the range of 5 to 25 mg/L. Further, the sulfate ion concentration
may be decreased from an initial set point of about 2000 mg/L to a target set point of less than
40 mg/L.

[0038] There may be a gradual reduction in salinity or there may be stepped changes in
salinity.

[0039] Where there is a gradual decrease in TDS concentration of the injection water, the
concentration profile typically follows an asymptotic curve decreasing from the initial TDS
concentration to the target TDS concentration for the main phase of the waterflood with the
rate of decrease reducing as the TDS concentration approaches concentrations at which
formation damage would occur if the formation rock was to be subjected to "salinity shock”
during commissioning of the injection well (e.g., by commissioning the well with either a rapid
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change in salinity of the injection water or by commencing water injection with an injection
water having the target TDS concentration). Typically, the rate of reduction may decline as the
TDS concentration falls below 10,000 ppmv.

[0040] The initial rate of decrease of TDS concentration may therefore be in the range of 100
to 1000 mg/L per hour. Once the salinity falls to below 10,000 mg/L, the rate of decrease of
TDS concentration may fall to 50 to 500 mg/L per hour. Once the salinity falls to below 7,000
mg/L, the rate of decrease may fall to 25 to 200 mg/L per day. However, the person skilled in
the art will understand that for each stage, the salinity is lower than the previous salinity.

[0041] In the case of stepped changes in salinity, the initial salinity may be a value in the range
of 15,000 to 22,000 mg/L and the salinity may then be reduced by increments selected from
within the range of 1000 to 5000 mg/L until the TDS concentration is about 10,000 mg/L. The
increments by which the salinity is reduced may then be reduced to a value in the range of 250
to 500 mg/L. Once the salinity falls to below 7,000 mg/L, the increments may be further
reduced, for example, to 100 to 250 mg/L. The salinity can the typically be held at each value
for a period of time from 1 to 10 hours, preferably, 1 to 5 hours. If an upset condition arises,
the TDS concentration may be increased, for example, to the preceding value or to an
intermediate value, and the downhole pressure or wellhead pressure can be monitored to
determine if the pressures stabilizes or the flow rate in the injection line can be monitored to
determine if the flow rate stabilizes.

[0042] As discussed above, the planned concentration profile for the one of more chemical
characteristics of the injection water may also comprise decreasing the concentrations for one
or more individual ions or of one or more types of individual ions, changing the ratios of
individual ions or of types of individual ions, changing the concentration(s) of one or more fines
stabilizing additives, or combinations thereof. The control unit may determine the flow rates of
NF permeate, RO permeate, and optionally, high salinity water, fines stabilizing concentrate, or
combinations thereof to the blending point(s) of the blending system and optionally, the flow
rates of NF permeate, and RO permeate in the dump lines, based on the initial set values,
target set values and the planned concentration profile for one or more of these additional
chemical characteristics so that the concentrations of one or more individual ions, the
concentrations of one or more types of individual ions, the ratios of individual ions, the ratios of
types of individual ions, or the concentration of fines stabilizing additive(s) in the injection water
correspond to the planned concentration profile.

[0043] Where there is a risk or souring or scaling of the reservoir, the control unit also controls
the sulfate anion concentration of the injection water from an initial value (e.g., less than 200
mg/L) to a target value for the main phase of the waterflood of less than 40 mg/L.

[0044] In the integrated system, because of the need to rapidly adjust the TDS concentration
of the blended injection water during commissioning of the injection well, the total ion
concentration Ct (and optionally, the concentrations of individual ions) and the flow rate Qt of
the injection water (and the flow rates Qi of the individual blending streams and of the RO and
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NF dump streams) can be constantly monitored (in real time) together with the pressure in the
injection well adjacent the oil-bearing reservoir or the pressure at the wellhead as measured by
a pressure sensor (or the flow rate of injection water in the flow line of the injection system
downstream of the injection pump as measured by a flow rate sensor). The planned
concentration profile for the blended injection water can be adjusted based on the pressure in
the injection well or at the wellhead (or based on the flow rate in the injection line downstream
of the injection pump(s)) with the aim of controlling the increase in the pressure (or decrease in
flow rate), and hence, loss of injectivity arising from formation damage within an acceptable
level. Therefore, by controlling the pressure in the injection well or at the wellhead (or the flow
rate in the injection line) by adjusting the composition of the blended injection water in real time
along a planned concentration profile or a recovery concentration profile, it is possible to avoid
entering a regime where there is a risk of formation damage occurring or to reduce the amount
of formation damage that occurs during commissioning of the injection well to within acceptable
levels. Specifically, the TDS concentration (salinity) of the blended injection water may be
controlled in response to an increase in injection well pressure or wellhead pressure (or in
response to a decrease in flow rate in the injection line) in real time by either holding the TDS
concentration at the concentration reached along the planned concentration profile or
increasing the TDS concentration to a higher value by moving back along the planned
concentration profile or along a recovery concentration profile until the pressure stabilizes or
begins to fall in the wellbore. The use of the RO and NF dump lines provided with adjustable
valves allows for rapid adjustments (in real time) to the set points for the TDS concentration
and composition of individual ions in the injection water stream.

[0045] Thus, the pressure in the injection well or at the wellhead can be measured with a
measurement device such as a pressure sensor that is linked to the control unit via any
suitable communication technology to provide feedback control in the event that injectivity of
the injection water into the rock formation surrounding the injection well begins to decline owing
to formation damage. A reduction in injectivity may also result in a reduced flow rate of injection
water downstream of the injection pump(s) for the injection system of the injection well.
Accordingly, a flow rate sensor may be located downstream of the injection pump(s) and the
control unit may receive flow rate data with a maximum permitted decrease in flow rate
inputted into the control unit. The control unit may also measure the TDS concentration with an
ion concentration sensor and can adjust the TDS concentration of the injection water stream to
a lower value along a planned concentration profile by decreasing the amount of RO permeate
dumped via the dump line and holding the TDS concentration at the lower value for a
predetermined period of time to determine if the pressure in the wellbore increases to close to
the maximum permitted increase or the flow rate of the injection water decreases to close to
the maximum permitted decrease. If so, the control unit may make a determination to continue
to hold the TDS concentration at the lower value by increasing the predetermined period of
time. Alternatively, the control unit may make a determination to increase the TDS
concentration of the injection water to a higher value along a recovery concentration profile by
increasing the amount of RO permeate dumped via the RO dump line and to hold the TDS
concentration at the higher level while monitoring the downhole pressure or the pressure at the
wellhead to determine if it stabilizes or begins to decline back to its original value. The control
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unit can then make a further attempt to reduce the salinity of the injection water stream along
the planned concentration profile. Optionally, the control unit may make a determination to
reduce the flow rate of the injection water stream or to stop injecting the injection water stream
into the injection well if the pressure continues to rise. The control unit may then make a
determination to inject a fines stabilizing concentrate into the near wellbore region of the
injection well before recommencing commissioning of the injection well.

[0046] Once the pressure in the injection well has stabilized, the control unit can select a new
lower set point for the TDS concentration of the blended injection water and adopt a TDS
concentration reduction profile to reach the new lower set point while again monitoring the
pressure in the wellbore or at the wellhead. The concentration reduction profile determines the
extent to which the RO permeate dump valve is open (e.g., the opening degree). This is based
on a correlation between the TDS concentration (or the ionic compaosition) of blended injection
water stream and the blending ratio for the NF permeate and RO permeate and on the amount
of any optional high salinity water and fines stabilizing concentrate included in the blended
water stream. The correlation is based on the assumption that the compositions for the NF
permeate, RO permeate, optional high salinity water, and optional fines stabilizing concentrate
remain within predetermined tolerances. The blending ratio of the RO and NF permeate
together with the flow rate of the injection water stream determines the flow rate of the RO
permeate (and of any NF permeate) for disposal via the RO dump line (and the NF dump line)
and the flow rate of RO permeate and of NF permeate to be supplied to the blending point for
the NF permeate and RO permeate to form the blended injection water stream. A correlation
can be stored in advance in the control unit (e.g., the control unit memory), between the
opening degrees of the RO dump valve (and NF dump valve) and hence the flow rates of RO
permeate and NF permeate to the blending point for the blended injection water and the
composition of the injection water stream (TDS concentration and the concentrations of
individual ions or types of individual ions). There may also be included a correlation between
the opening degree of the valve on the optional high salinity water (e.g. SW) by-pass line and
the opening degree of the valve on the fines stabilizing concentrate line (or the adjustment of a
metering pump on the fines stabilizing concentrate line) on the composition of the injection
water stream. Then, the control unit controls the opening degree of the RO dump valve so as
to be at the predetermined opening degree for achieving a composition for the blended
injection water on the planned concentration profile (or on a recovery concentration profile). As
a result, the correct flow rates of RO permeate and NF permeate are supplied to the blending
point(s) of the blending system to form a blended injection water with a composition that
matches the concentration profile.

[0047] If there is a loss of injectivity in the injection well as evidenced by a rise in pressure in
the injection well, the TDS concentration (salinity) of the blended injection water may be
increased, along a recovery concentration profile designed to recover injectivity, by increasing
the opening of the RO dump valve until the downhole or wellhead pressure stabilizes and
begins to decline (or the flow rate of the injection water stabilizes and begins to rise). By
continuously monitoring the downhole or wellhead pressure (or the flow rate of the injection
water) in real time it is possible to prevent the pressure from increasing significantly (or the flow
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rate from decreasing significantly), and hence, prevent significant loss of injectivity. Therefore,
it is possible to gradually reduce or make stepped changes in the TDS concentration (salinity)
(or in the concentrations of individual ions or types of individual ions) in the water injected into
the injection well during the commissioning of the injection well by using a salinity reduction
profile (or concentration reduction profile for individual ions or types of individual ions) that is
set in advance and is predicted to mitigate the risk of formation damage. It is also possible to
make real time adjustments to the salinity and composition of the injection water if there is
evidence unacceptable loss of injectivity, thereby allowing a low salinity injection well to be
reliably brought into commission in a stable condition for injection of a low salinity water with
the target salinity (or ionic composition) for the main phase of the low salinity waterflood.

[0048] It may be preferred that the flow rate of the NF permeate to the blending point for
forming the blended injection water is kept constant during commissioning of the low salinity
injection well and is only ramped up to achieve the flow rate for the main phase of the low
salinity waterflood once the target salinity for the main phase of the injection well has been
achieved. Thus, a portion of the NF permeate may be continuously dumped via the NF
permeate dump line during commissioning of the injection well. It may also be advantageous to
temporarily decrease the flow rate of the injection water stream during commissioning of the
low salinity injection well if a significant increase in downhole pressure or pressure at the
wellhead is detected indicative of a significant loss of injectivity (i.e., an increase in pressure
that is at least 5% above, for example, at least 10% above the inputted maximum permitted
increase in pressure)

[0049] It is to be understood that the planned concentration profile and recovery concentration
profile for altering the salinity (TDS concentration), the ionic strength, the concentrations of
individual ions, the concentrations of types of individual ions and the concentration(s) of the
optional fines stabilizing additive(s) vary depending on the composition of the formation rock of
the hydrocarbon-bearing layers of the oil reservoir, and in particular, on the levels of swellable
and migratable fines (e.g., clay and silica particles) that are known to be linked to formation
damage.

[0050] The planned concentration profiles and the recovery concentration profiles used with
any of the systems or methods described herein may be determined by analysing a sample of
rock taken from the oil-bearing layer of the reservoir in the vicinity of the injection well. Analysis
of the rock may include, but is not limited to, identifying the presence and quantity and types of
fines. In some instances, analysis of the formation rock may comprise determining a clay
composition in the range from about 2 weight % to about 20 weight %. Analytical methods for
quantifying clays may include geophysical logs, thin section point counting, X-ray diffraction
analysis, and sieve analysis. The planned concentration profile may be determined from
correlations of formation damage occurring with different concentration profiles for injection
waters for a range of rock samples with different clay contents and clay compositions. An
optimal concentration profile may be selected for a rock sample that most closely matches the
composition of the reservoir rock surrounding the injection well (i.e., using historical data).
Alternatively, experiments may be performed on samples of the rock taken from the oil-bearing
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layer of the reservoir in the vicinity of the injection well using different salinity profiles for the
injection water to determine an optimal concentration profile for commissioning of the injection
well.

[0051] Systems and methods in accordance with the principles described herein will now be
illustrated by reference to Fig. 1.

[0052] Fig. 1 shows an integrated system for producing a blended injection water of variable
composition for use as an injection water during commissioning of a low salinity water injection
well. In this embodiment, the integrated system comprises: a desalination plant; a blending
system comprising various flow lines for various blending streams for forming the blended
injection water of variable composition; an injection system comprising an injection line 17 and
one or more pumps 18 for injecting the injection water into a low salinity water injection well 20
penetrating an oil bearing layer 22 of a reservoir; and, a control system comprising a control
unit 50 for controlling the operation of the integrated system.

[0053] The desalination plant comprises a membrane block 1 for treating a high salinity feed
water (typically seawater). The membrane block 1 has a main feed line 2, a feed pump 3, an
RO array 4, and an NF array 5 (each array 4, 5 may be a single or multistage array). Both the
RO array 4 and the NF array 5 may have the same high salinity feed water (for example, SW)
as shown in Fig. 1. In this case, the main feed line divides to form a feed line 14 for the RO
array 4 and a feed line 12 for the NF array 5. However, it is also envisaged that RO
concentrate (also referred to in the art as "retentate”) from a first RO stage may divide to form
a feed stream for a second RO stage and a feed stream for the NF array.

[0054] The RO array 4 comprises a plurality of RO units. The NF array 5 comprises a plurality
of NF units. Typically, the number of units of the RO array 4 and of the NF array 5 are chosen
to match the required production capacity of RO permeate and NF permeate for the injection
water during the main phase of the low salinity waterflood. The desalination plant may also be
provided with a by-pass line 6 for the high salinity feed water (e.g., SW).

[0055] The integrated system has valves VI to V5 and various flow lines (conduits) configured
to provide the flow paths described below. Valves VI to V5 may be throttle valves that may be
set to various positions between fully open and fully closed positions. The flows and pressures
through the membrane block 1 may be controlled by the feed pump 3, valves VI to V5, or any
combination thereof. Flow rate sensors Ql to Q9 are provided for determining the flow rates in
the various flow lines and communicate flow rate data to the control unit via electrical signal
lines (the dotted lines in Fig. 1). However, the flow rate sensors QI and Q2 on the NF
concentrate line 7 and RO concentrate lines 8 may be omitted. lon concentration sensors Sl to
S7 are also provided to determine one or more of the total concentration of dissolved ions (i.e.,
the TDS concentration), the concentration of one or more individual ions or the concentration
of one or more types of individual ions in the various flow lines, or combinations thereof. lon
concentration data can also be communicated to the control unit 50 via control lines as
described herein. The sensors S4 and S6 on the NF concentrate line 7 and RO concentrate
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line 8, respectively, may be omitted.

[0056] In the embodiment shown in Fig. 1, the feed pump 3 passes high salinity feed water to
the RO array 4 via lines 2 and 14 where the high salinity feed water is separated into an RO
permeate and an RO concentrate, and to the NF array via lines 2 and 12 where the high
salinity feed water is separated into an NF permeate and NF concentrate. The pressures of the
high salinity feed water to the RO array 4 and to the NF array 5 may be adjusted (for example
using a booster pump for the RO feed or a pressure let down valve for the NF feed) to match
the operating pressure of the RO units of the RO array 4 and the NF units of the NF array 5
(NF units are typically operated at a lower pressure than RO units). Optionally, the feed pump
3 may pump a portion of the high salinity feed water through the by-pass line 6.

[0057] Valves VI and V2 on RO and NF concentrate bleed lines 8 and 7, respectively, are at
least partially open to provide a bleed of RO concentrate and NF concentrate from the
blending system. The NF permeate flowing through line 13 is then combined with the RO
permeate flowing through line 9 to form a combined RO/NF permeate that flows through line
15.

[0058] The blend ratio of NF permeate to RO permeate may be adjusted by varying the
degree of opening of the throttle valves on the RO permeate dump line 1 1 and/or NF
permeate dump line 10 to alter the composition of the combined RO/NF permeate. Optionally,
variable amounts of high salinity water (e.g., SW) may be injected from the high salinity water
by-pass line 6 into the combined RO/NF permeate flowing through line 15 to adjust the
composition of the blended injection water. Optionally, a fines stabilizing concentrate is stored
in concentrate tank 30. Typically, the concentrate tank 30 is provided with a metering pump 25
such that variable amounts of a fines stabilizing concentrate may be injected from line 16 into
the RO/NF permeate flowing through line 15 to adjust the composition of the blended injection
water.

[0059] The resulting blended injection water is then pumped into the injection well 20 via
injection line 17 and one or more injection pumps 18.

[0060] As discussed above, a planned concentration profile for altering the composition of the
blended injection water during commissioning of the injection well is inputted into the control
unit 50. Altering the composition is automated in real time along either a planned concentration
profile (inputted into the control unit) for reaching the target composition for the low salinity
water for the main phase of the low salinity waterflood or, in the event of an upset condition or
event, along a recovery concentration profile (inputted into the control unit) for dealing with the
upset condition or event. The upset condition or event may be a reduction in injectivity as
evidenced by a decrease in flow rate at sensor Q9 or an increase in pressure in the injection
well 20 adjacent the hydrocarbon bearing layer of the reservoir as evidenced by sensor 23 (or
an increase in pressure at the wellhead). Typically, a minimum value for the flow rate or a
maximum value for the pressure in the injection well (or at the wellhead) are inputted into the
control unit 50 with an upset condition or event occurring if the flow rate decreases to a value
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at or near the inputted minimum flow rate or if the pressure increases to a value at or near the
inputted maximum pressure.

[0061] The control unit 50 sends instructions to alter the blend ratio of RO permeate and NF
permeate by changing the opening degree of the throttle valves V4 and/or V3 (and optionally,
instructions to alter the amount of high salinity water or fines stabilizing concentrate dosed into
the combined RO/NF permeate by changing the opening degree of the throttle valve on the
high salinity bypass line 6 or by changing the operation of metering pump 25) to provide either
a composition on the planned concentration profile for achieving the target composition for the
main phase of the low salinity waterflood or, if an upset condition or event occurs, to provide a
composition on the recovery concentration profile for the upset event.

[0062] The control unit 50 therefore monitors the pressure sensor 23 for an increase in
downhole pressure (or monitors a pressure sensor located in the wellhead for an increase in
pressure at the wellhead) and monitors the flow sensor Q9 located in the injection line 17 for a
decrease in flow rate of the injection water (where an increase in pressure or a decrease in
flow rate are indicative of a decrease in injectivity arising from formation damage). If the
increase in pressure or decrease in flow rate remains within acceptable limits, the control unit
will continue to adjust the composition of the blended injection water along the planned
concentration profile. However, if the increase in pressure reaches the inputted maximum
pressure and/or the flow rate in the flow line reaches the inputted minimum the flow rate, the
control unit 50 then alters the compaosition of the injection water along the concentration profile
for the upset condition or event by one or more of:

increasing the TDS concentration of the injection water by increasing the blend ratio of NF
permeate to RO permeate,

increasing the divalent cation content of the injection water (in particular calcium cation
content) by adding an increased amount of SWinto the combined RO/NF permeate stream; or
adding an increased amount of fines stabilizing concentrate to the combined RO/NF permeate
stream.
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1

PATENTIKRAY

1. Integreret system omfattende:

et afsaltningsanlaag omfattende et omvendt-osmose (RO)-array (4) konfigureret til at
frembringe en RO-permeat-blandingsstram (9) og et nanofiltrerings-(NF)-array (5) til at
frembringe en NF-permeat-blandingsstram (13);

et blandingssystem;

en styreenhed (50);

0g

et injektionssystem til en injektionsbrgnd (20), som penetrerer et oliefgrende reser-
voirlag (22), hvor injektionssystemet (17/18) omfatter en injektionslinje (17) og mindst én
injektionspumpe (18);

hvor blandingssystemet (17/18) er konfigureret til at blande RO-permeat-blandings-
strammen (9) og NF-permeat-blandingsstrosmmen (13) for at frembringe en blandet injekti-
onsvandstrgm (15) og passere den blandede injektionsvandstrgm (15) til injektionssystemet
(17/18),

hvor styreenheden (50) er konfigureret til dynamisk at aendre driften af blandingssy-
stemet for at justere maangder af mindst én af RO-permeat-blandingsstrammen (9) og NF-
permeat-blandingsstrammen (13) for at a&ndre sammensatningen af den blandede injekti-
onsvandstrgm (15) fra en initial sammensaetning til en malsammensaetning,

hvor styreenheden (50) er konfigureret til at overvage trykket i injektionsbrgnden (20)
eller ved et brgndhoved af injektionsbrgnden (20) i realtid for en stigning i tryk til en vaerdi
ved eller over en taerskelvaerdi; og hvis styreenheden (50) detekterer en stigning til en vaerdi
ved eller over taerskelvaerdien, vil styreenheden (50) enten ophgre med dynamisk at aendre
sammensaetningen af den blandede injektionsvandstram (15) eller dynamisk andrer sam-
mensatningen af den blandede injektionsvandstram (15), indtil trykket falder til under taer-
skelveerdien, eller

hvor styreenheden (50) er konfigureret til at overvage streamningshastigheden af den
blandede injektionsvandstrgm (15) i injektionslinje (17) af injektionssystemet (17/18) ned-
strgms for den mindst ene injektionspumpe (18) i realtid for et fald i stramningshastigheden
til ved eller under en taerskelvaerdi; og hvis styreenheden (50) detekterer et fald i stram-
ningshastigheden til en vaerdi ved eller under taerskelvaardien, vil styreenheden (50) enten
ophgre med dynamisk at aendre sammensatningen af den blandede injektionsvandstrgm
(15) eller dynamisk andrer sammensaetningen af den blandede injektionsvandstrgm (15),
indtil stremningshastigheden stiger til over taerskelvaerdien.

2. Integreret system ifglge krav 1, hvor blandingssystemet yderligere er konfigureret
til at blande RO-permeatblandingsstrommen (9) og NF-permeatblandingsstrommen (13)
med en vandblandingsstrgm (6) med hgijt saltindhold med et saltindhold pa fra 17.500 til
50.000 mg/L for at frembringe en blandet injektionsvandstram (15), og

hvor styreenheden (50) er konfigureret til dynamisk at aendre driften af
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blandingssystemet for at justere maengderne af mindst én af RO-permeatblandingsstram-
men (9), NF-permeatblandingsstrammen (13) og vandblandingsstrammen (6) med hgjt salt-
indhold for at a2andre sammensatningen af den blandede injektionsvandstrgam (15) fra den
initiale sammensaetning til mdlsammensaetningen, og/eller hvor styreenheden (50) dyna-
misk skal andre driften af blandingssystemet for at 2&andre sammensatningen af den blan-
dede injektionsvandstrgm (15) fra den initiale sammensaetning til malsammensaetningen
ved at folge en koncentrationsprofil for at reducere saltindholdet eller ionstyrken af den
blandede injektionsvandstrgm (15).

3. Integreret system ifglge krav 1 eller 2, hvor styreenheden (50) dynamisk aendrer
sammensaetningen af den blandede injektionsvandstrom (15) ved at fglge en udvindings-
koncentrationsprofil for at gge saltindholdet eller ionstyrken af den blandede injektionsvand-
strom (15), indtil trykket falder til under taerskelvaerdien, eller stromningshastigheden stiger
til over teerskelvardien.

4. Integreret system ifglge et hvilket som helst af de foregaende krav, hvor styreen-
heden (50) er konfigureret til at modtage udvindingskoncentrationsprofilen fra en kilde eks-
ternt til styreenheden (5), og/eller hvor styreenheden er konfigureret til dynamisk at zendre
drift af blandingssystemet for at justere maengderne af mindst én af RO-permeat- (9) og
NF-permeatblandingstramme (13) ved at justere maangderne af mindst ét af RO-permeatet
(9) og NF-permeatet (13) udledt fra blandingssystemet via henholdsvis en RO-permeat-
temmelinje (11) eller en NF-permeat-tammelinje.

5. Integreret system ifglge et hvilket som helst af kravene 1 til 4, hvor blandingssy-
stemet yderligere er konfigureret til at blande RO-permeatblandingsstrammen (9) og NF-
permeatblandingsstrammen (13) med en finstofstabiliserende blandingsstram (16) for at
frembringe den blandede injektionsvandstrgm (15), hvor den finstofstabiliserende blan-
dingsstram (16) omfatter en vandig oplgsning af mindst ét finstofstabiliserende additiv, og

hvor styreenheden (50) er konfigureret til dynamisk at aendre driften af blandingssy-
stemet for at justere maengden af den finstofstabiliserende blandingsstram (16) for at a&endre
sammensaetningen af den blandede injektionsvandstrgm (15) fra den initiale sammensaet-
ning til malsammensaetningen, eventuelt hvor styreenheden (50) er konfigureret til dyna-
misk at andre driften af blandingssystemet for at andre mangden af den finstofstabilise-
rende blandingsstrgm (16) for at 2&endre sammensastningen af den blandede injektionsvand-
strgm (15) ved at folge en koncentrationsprofil eller en udvindingskoncentrationsprofil, som
indbefatter andringer i koncentrationen af det finstofstabiliserende additiv (16) i den blan-
dede injektionsvandstrgm.

6. Fremgangsmade til drift af et integreret system ifglge krav 1, hvilken fremgangs-
made omfatter:

at indfgre en vandtilfgrsel med hgjt saltindhold (2) til afsaltningsanleegget;

at frembringe en RO-permeat-blandingsstram (9) ved brug af RO-arrayet (4) af afsalt-
ningsanlaegget;
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at frembringe en NF-permeat-blandingsstream (13) ved brug af NF-arrayet (5) af af-
saltningsanlagget;

at blande RO-permeat-blandingsstrammen (9) og NF-permeat-blandingsstrammen
(13) i blandingssystemet; og

dynamisk at andre driften af blandingssystemet under idriftsaettelse af injektionsbrgn-
den (20) for at justere maengder af mindst én af RO-permeat-blandingsstrammen (9) og NF-
permeat-blandingsstrammen (13) for at a&ndre sammensatningen af den blandede injekti-
onsvandstrgm (15) fra en initial sammensaetning til en malsammensaetning for en hovedfase
af en vandoversvgmmelse med lavt saltindhold ved at fglge en koncentrationsprofil for at
reducere saltindholdet eller ionstyrken af den blandede injektionsvandstrgm (15),

at overvage trykket i injektionsbrgnden (20) eller ved et brgndhoved af injektions-
branden (20) i realtid for en stigning i tryk til en vaerdi ved eller over en taerskelvaerdi; eller
at overvage strgmningshastigheden af den blandede injektionsvandstrégm (15) i injektions-
linjen (17) af injektionssystemet nedstrgms for den mindst ene injektionspumpe (18) i real-
tid for et fald i stramningshastigheden til ved eller under en taerskelvaerdi, og

at ophgre med dynamisk at aendre sammensaetningen af den blandede injektionsvand-
strom (15) eller dynamisk a&ndre sammensaetningen af den blandede injektionsvandstrgm
(15), hvis styreenheden (50) detekterer en stigning i tryk til en vaerdi ved eller over teer-
skelvaerdien eller et fald i stramningshastigheden til en vaerdi ved eller under taerskelvaer-
dien, indtil trykket falder til under tzerskelvaerdien, eller stramningshastigheden stiger til
over tarskelvaerdien.

7. Fremgangsmade ifglge krav 6, hvor afsaltningsanlagget har en omlgbslinje for vand
med hgjt saltindhold (6) konfigureret til at passere en del af vandtilfgrselsstrammen med
hgjt saltindhold (2) som en blandingsstrgm til blandingssystemet, hvor vandtilfgrselsstram-
men med hgijt saltindhold (2) har et samlet indhold af oplgste faststoffer i omradet fra 17.500
mg/L til 50.000 mg/L, og hvor dynamisk andring af driften af blandingssystemet under
idriftsaettelse af injektionsbrgnden (20) yderligere omfatter justering af mangden af vand-
blandingsstrommen med hgjt saltindhold (6) for at a&ndre sammensaetningen af den blan-
dede injektionsvandstrgm (15).

8. Fremgangsmade ifglge krav 6 eller 7, hvor dynamisk aendring af driften af blan-
dingssystemet under idriftseettelse af injektionsbrgnden (20) yderligere omfatter justering
af maengden af mindst ét finstofstabiliserende additiv (16) i den blandede injektionsvand-
strom (15) ved at faglge en koncentrationsprofil, som indbefatter zendringer i koncentrationen
af det finstofstabiliserende additiv (16), eventuelt hvor blandingssystemet yderligere omfat-
ter en beholder (30) til opbevaring af et finstofstabiliserende koncentrat omfattende en van-
dig oplgsning af mindst ét finstofstabiliserende additiv (16) koblet til en linje konfigureret til
at levere en finstofstabiliserende koncentratblandingsstrgm (16), og hvor dynamisk andring
af drift af blandingssystemet under idriftsaettelse af injektionsbrgnden (20) yderligere om-
fatter justering af maangden af den finstofstabiliserende koncentratblandingsstram (16) for
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at &ndre sammensastningen af den blandede injektionsvandstrgm (15).

9. Fremgangsmade ifglge et hvilket som helst af kravene 6 til 8, hvor dynamisk juste-
ring af driften af blandingssystemet omfatter justering af en justerbar ventil (V1, V2, V3, V4
og/eller V5) i blandingssystemet, eventuelt hvor ventilen, som justeres, vaelges fra en ventil
(V4) pa en RO-permeat-tgmningslinje (11), en ventil (V3) pa en NF-permeat-tgmningslinje
(10), en ventil (V5) pa omigbslinjen for vand med hgjt saltindhold (6), en ventil pa en vand-
temningslinje for vand med hgjt saltindhold, en ventil pa den finstofstabiliserende koncen-
tratlinje (16) eller en hvilken som helst kombination deraf.

10. Fremgangsmade til at frembringe en blandet injektionsvandstrgm via et integreret
system ifglge krav 1, hvilken fremgangsmade omfatter: at frembringe omvendt-osmose-
permeatstremmen (9);

at frembringe nanofiltreringspermeatstrommen (13);

at blande mindst en del af omvendt osmose-permeatstrgmmen (9) med mindst en del
af nanofiltreringspermeatstrammen (13) for at tilvejebringe den blandede injektionsvand-
strom (15) med et fgrste saltindhold;

at indsprgjte det blandede injektionsvand (15) i en brgndboring via injektionssystemet
(17/18), som penetrerer det oliefgrende reservoirlag (22), hvor injektionssystemet (17/18)
omfatter injektionslinjen (17) og mindst én injektionspumpe (18);

at gge et blandingsforhold mellem omvendt-osmose-permeatstrgmmen (9) og nano-
filtreringspermeatstrammen (13) for at reducere saltindholdet af den blandede injektions-
vandstrgm (15) fra det fgrste saltindhold til et anden saltindhold;

at tamme en aftagende del af omvendt-osmose-permeatstrommen (9), mens blan-
dingsforholdet gges;

at overvage trykket i injektionsbrgnden (20) eller ved brgndhovedet af injektionsbrgn-
den (20), i realtid, for en stigning i trykket til en vaerdi pa eller over en taerskelvaerdi, eller
at overvage strgmningshastigheden af den blandede injektionsvandstrgm (15) i injektions-
linjen (17) i injektionssystemet (17/18) nedstrgms for den mindst ene injektionspumpe (18),
i realtid, for et fald i stromningshastigheden til ved eller under en taerskelvaardi, og

at ophgre med dynamisk at aendre sammensaetningen af den blandede injektionsvand-
strom (15) eller at dynamisk aandre sammensastningen af den blandede injektionsvandstrgm
(15), hvis styreenheden (50) detekterer en stigning i trykket til en vaerdi pa eller over taer-
skelvaerdien eller et fald i stramningshastigheden til en vaerdi pa eller under taerskelvaerdien,
indtil trykket falder til under teerskelveerdien, eller stramningshastigheden stiger til over
taerskelvaerdien; og

at opretholde blandingsforholdet, nar det anden saltindhold er ndet, hvor den blandede
injektionsvandstram (15) indsprdjtes i en injektionsbrgnd (20), som penetrerer et oliefg-
rende reservoirlag (22).

11. Fremgangsmade ifglge krav 10, hvor injektionsvandstrgmmen (15) ved det fgrste
saltindhold har et samlet indhold af oplgste faststoffer (TDS) i omradet fra 10.000 mg/L til
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22.500 mg/L, og ved den anden saltholdighed har den blandede injektionsvandstrgm (15)
et samlet indhold af oplgste faststoffer i omradet fra 500 til 5.000 mg/L, og/eller hvor frem-
gangsmaden yderligere omfatter:

at gge en streamningshastighed af den blandede injektionsvandstrgm (15) fra en fgrste
stromningshastighed til en anden stremningshastighed, mens blandingsforholdet mellem
omvendt-osmose-permeatstrommen (9) og nanofiltreringspermeatstrommen (13) gges ved
at tamme en aftagende del af omvendt-osmose-permeatstrommen (9) og en aftagende del
af nanofiltreringspermeatstreammen (13), nar blandingsforholdet gges; og

at opretholde strgmningshastigheden og blandingsforholdet, nar stramningshastighe-
den af den blandede injektionsvandstrgm (15) nar den anden strgmningshastighed, og salt-
indholdet af den blandede injektionsvandstrgm (15) nar det andet saltindhold.

12. Fremgangsmade ifglge et hvilket som helst af kravene 10 eller 11, hvor

Omvendt-osmose-permeatstrommen (9) og nanofiltreringspermeatstrammen (13)
frembringes ud fra noget tilfgrselsvand (2) med en TDS i omradet fra 17.500 til 50.000 mg/L
og en koncentration af divalente kationer i omradet fra 500 til 3500 mg/L, hvor fremgangs-
maden yderligere omfatter:

at blande mindst en del af tilfgrselsvandet (2) med mindst delen af omvendt-osmose-
permeatstrammen (9) og med mindst delen af nanofiltreringspermeatstrammen (13) for at
tilvejebringe den blandede injektionsvandstrgm (15); og

at reducere en koncentration af divalente kationer i den blandede injektionsvandstrgm
(15) fra den farste koncentration af divalente kationer til en anden koncentration af divalente
kationer ved at blande en aftagende del af tilfgrselsvandet (2) med i det mindste delen af
omvendt-osmose-permeatstrommen (9) og med i det mindste delen af nanofiltreringsper-
meatstrgmmen (13); hvilken fremgangsmade eventuelt yderligere omfatter:

at detektere en sulfatanionkoncentration i den blandede injektionsvandstrgm (15); og

at justere en maangde af tilfgrselsvandet (2), som blandes med omvendt-osmose-per-
meatstrammen (9) og med nanofiltreringspermeatstrommen (13) for at holde sulfatanion-
koncentrationen i den blandede injektionsvandstrgm (15) under en sulfatkoncentrationsteer-
skel.

13. Fremgangsmade ifglge et hvilket som helst af kravene 10 til 12, yderligere omfat-
tende:

at blande mindst en del af en finstofstabiliserende koncentratstram (16) omfattende
mindst ét finstofstabiliserende additiv med mindst én af delen af omvendt-osmose-perme-
atstremmen (9), delen af nanofiltreringspermeatstrgmmen (13), delen af tilfgrselsvandet (2)
eller en hvilken som helst kombination deraf for at tilvejebringe den blandede injektions-
vandstrgm (15); og

at gge en finstofstabiliserende additivkoncentration af den blandede injektionsvand-
strgm (15) som svar pa en aftagende injektivitet af den blandede injektionsvandstrgm (15)
ind i det oliefgrende reservoirlag (22).
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14. Fremgangsmade til at styre sammensaetningen af en blandet injektionsvandstrgm
(15) med det integrerede system ifglge krav 1, hvilken fremgangsmade omfatter:

at modtage, ved hjzelp af styreenheden (50) af et integreret system ifglge krav 1, en
eller flere sammensastningsparametre for den blandede injektionsvandstrgm (15);

at automatisk justere, ved hjaelp af styreenheden (50), en eller flere ventiler (V1-V5)
i blandingssystemet;

at blande omvendt-osmose-permeatet (9) med nanofiltreringspermeatet (13) i blan-
dingssystemet for at frembringe den blandede injektionsvandstrgm (15) som svar pa auto-
matisk justering af den ene eller flere ventiler (V1-V5);

at kontrollere, ved hjzelp af styreenheden (50), en eller flere sammensaetningspara-
metre for den blandede injektionsvandstrgm (15) for at opfylde tilsvarende en eller flere mal
for parametre for injektionsvandsammensaetning ved:

at automatisk justere i realtid en eller flere ventiler (V1-V5) for at variere strgmnings-
hastigheden af den blandede injektionsvandstrgm (15) og for at variere blandingsforholdet
mellem omvendt-osmose-permeatet (9) og nanofiltreringspermeatet (13) for at frembringe
den blandede injektionsvandstrgm (15), hvor den ene eller flere sammensastningsparametre
opfylder malene for en eller flere injektionsfluidsammensaetningsparametre;

at indsprgjte af den blandede injektionsvandstrgm (15) i brgndboringen via injektions-
linjen (17),

hvor styring af den ene eller flere sammensaetningsparametre er baseret pa tryk i
brandboringen, tryk ved brgndhovedet eller stresmningshastighed i injektionslinjen (17).

15. Fremgangsmade ifglge krav 14, hvor det ene eller flere sammensaetningspara-
metre omfatter et samlet indhold af oplgste faststoffer af den blandede injektionsvandstrgm
(15), og hvor styring af den ene eller flere sammensatningsparametre omfatter styring af
det samlede indhold af oplgste faststoffer af den blandede injektionsvandstrgm (15) for at
matche en planlagt samlet-oplgst-faststof-koncentrationsprofil, hvor den planlagte samlet-
oplgst-faststof-koncentrationsprofil definerer det ene eller flere injektionsvandsammensaet-
ningsparametermal over en defineret tidsperiode, og/eller yderligere omfattende:

blanding af i det mindste en del af tilfgrselsvand med omvendt-osmose-permeatet (9)
og nanofiltreringspermeatet (13) for at frembringe injektionsfluiden som svar pa automatisk
justering af det ene eller flere ventiler (V1-V5) i blandingssystemet.
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