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BRINE DISPOSAL SYSTEM FOR A BRINE SOURCE

TECHNICAL FIELD

[0001] The present disclosure relates generally to a brine disposal system for a brine

source.

BACKGROUND

[0002] Water desalination is the process of making fresh water by removing diSéolved
minerals (including but not limited to salt) from seawater, bfackish water, or treated
wastewater. Desalination technologies include reverse osmosis, distillation, electrodialysis‘,
and vacuum freezing. Salt extracted from seawater during the desalination process comes

* out as concentrated brine whose salinity may be twice as high as that of seawater. Brine

generated during the desalination process is often discharged directly into the ocean. The
high-density desalination waste tends to fall on the sea floor near the brine outfall, creating a
very salty layer that may negatively impact the flora, the marine life, and any related human

activities in the region.
SUMMARY

[0003] One embodiment of the present disclosure may generally relate to a brine disposal
system for a brine source. One example brine disposal system may inciude a water
reservoir, a brine reservoir, and an outfall coupled to the water and the brine reservoirs.

The water reservoir is located near a water source and stores water from the water source.
The brine reservoir stores brine from the brine source. One or more tidal, gravitational, and
mechénical forces cause the water to enter and exit the water reservoir, and the brine to exit
from the brine reservoir. The outfall discharges a mixture of the water and the brine into an

ocean.

[0004] Another embodiment of the present disclosure may generally relate to a plant. One
example plant may include an equipment generating heat, a brine tank storing brine, and a
water cooling system. The water cooling system may further include a cooling loop
thermally coupled to the equipment, a pump in the cooling loop, a mixer coupling the brine
tank to the cooling loop, and an outfall coupled to the cooling loop to discharge a mixture of
the water and the brine into the water source. The pump is configured to circulate water
from water source in the cooling loop, and the mixer is configured to mix the brine and the

water,
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[0005] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the
drawings and the following detailed description. |

BRIEF DESCRIPTION OF THE DRAWINGS

[0006) FIGS. 1, 2, 3, and 4 are biock diagrams of illustrative embodiments of brine disposal
systems. '

[0007] Fig. 5 is a block diagram of illustrative embodiment of a plant.

DETAILED DESCRIPTION

[0008] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in
the detailed description, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally described herein, and illustrated in the
Figures, can be arranged, substituted, combined, separated, and designed in a wide variety

of different configurations, all of which are explicitly contemplated herein.

[0009] This disclosure is drawn, inter alia, to brine disposal techniques, systems and

methods.

[0010] FIG. 1 is an illustrative embodiment of a brine disposal system 100. The: brine
disposal system 100 includes a water reservoir 110, a brine reservoir 120, an optional mixer
130, an outfall 140, and a controller 180. '

[0011] The system 100 is located near a water source. in an embodiment, the system 100
is near an ocean and the water reservoir 110 is a seawater reservoir that stores seawater
from the ocean. The seawater reservoir 110 can be located in an intertidal zone, which is
an area exposed to air during low tide and underwater during high tide. One or more tidal
forces, such as those from the moon and the sun, cause seawater to enter the seawater
reservoir 110 during high tide and to exit the seawater reservoir 110 during low tide. The
seawater reservoir 110 may be partially or entirely man-made. The seawater reservoir 110
has walls and floor to contain the seawater. The seawater reservoir 110 may hévejan open
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top and a wall 150 that faces the ocean. The height of the wall 150 may be lower than the
high-tide sea level to allow the seawater to crest over the wall 150 and enter the seawater
reservoir 110 during high tide. The seawater reservoir 110 may include a bottom outlet 160
that allows the seawater to exit the seawater reservoir 110 during low tide. in the example
embodiment described above, the location and the construction configuration of the |
seawater reservoir 110 allow it to passively collect and discharge the seawater.

[0012] In another illustrative embodiment, the seawater reservoir does not colled the
seawater on its own. Instead, one or more tidal pools located in the intertidal zone are used
to collect the seawater over multiple high tides and the collected seawater is mechanically
pumped into the seawater reservoir 110.

[0013] The brine reservoir 120 stores brine from a brine source, such as a desalination
plant. The brine reservoir 120 may be located in the intertidal zone adjacent to the seawater
reservoir 110 or it may be located outside of the intertidal zone elevated or not relative to the
seawater reservoir. One or more tidal, gravitational, mechanical, and other forces cause the
brine to exit from the brine reservoir 120 during low tide. The brine reservoir 120 may be
partially or entirely man-made. The brine reservoir 120 has walls and floor to contain the
brine, and an open or a closed top. The brine reservoir 120 may include a bottom outlet 170
that allows the brine to exit the brine reservoir 120 during low tide. in the example
embodiment described above, the location and the construction configuration of the brine

reservoir 120 allow it to passively discharge the brine.

[0014] In an embodiment, the optional mixer 130 is coupled to the seawater reservoir 110
and the brine reservoir 120. The mixer 130 mixes the seawater and the brine that exit from
the seawater reservoir 110 and the brine reservoir 120, respectively, during low tide. The
mixer 130 provides a mixture of seawater and brine whose éalinity is lower thanf thét of the
brine received from the brine source. The mixer 130 may be of any type includihggbut not
limited to a static mixer or a powered mixer.

[0015] When the optional mixer 130 is present, the outfall 140 is coupled to the mixer 130.
When the optional mixer 130 is not present, the outfall 140 is coupled to the seawater
reservoir 110 and the brine reservoir 120. The outfall 140 discharges the mixture of
seawater and brine from the mixer 130 into the ocean. The outfall 140 may be of any type

including but not limited to a pipe or a tunnel.

[0016] The transfer of the seawater and the brine from the seawater reservoir 110 and the
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brine reservoir 120, respectively, to the mixer 130 may be implemented using valves and
pipes.. In an illustrative embodiment, the brine disposal system 100 further includes valves
11 and 12 and pipes 21 and 22. The valve 11 is coupled to the outlet 160 of the seawater
reservoir 110, and the valve 12 is coupled to the outlet 170 of the brine reservoir 120. The
pipe 21 is coupled between the valve 11 and the mixer 130, and the pipe 22 is coupled |
between the valve 12 and the mixer 130. A controller 180 is configured to close the valves
11 and 12 for storing the seawater and the brine in the seawater reservoir 110 and the brine
reservoir 120, respectively, and to open the valves 11 and 12 during low tide for allowing the
seawater and the brine to exit the seawater reservoir 110 and the brine reservoir 120,

respectively, by the one or more tidal forces.

[0017] Instead of valves 11 and 12, an illustrative embodiment of the brine disposal system
100 may include a valve 13. The vaive 13 is coupled to an input 190 of the mixer 130. The
pipe 21 is coupled between the outlet 160 of the seawater reservoir 110 and the valve 13,
and the pipe 22 is coupled between the outiet 170 of the brine reservoir 120 and the vaive
13. Controller 180 is configured to close the valve 13 for storing the seawater and the brine
in the seawater reservoir 110 and the brine reservoir 120, respectively, and to open the
valve 13 during low tide to allow the seawater and the brine to exit the seawater reservoir
110 and the brine reservoir 120, respectively, by the one or more tidal forces.

[0018] In an embodiment, the system 100 is located near a river and the water reservoir
110 is a freshwater reservoir that stores freshwater from the river. One or more gravitatibnal,
mechanical, and other forces cause freshwater to enter and exit the freshwater reservoir
110. One or more gravitational, mechanical, and other forces cause the brine to exit from
the brine reservoir 120 during low tide. In an embodiment, the optional mixer 130 is coupled
to the freshwater reservoir 110 and the brine reservoir 120. . The mixer 130 mixes the
freshwater and the brine that exit from the freshwater reservoir 110 and the brin_'efr:eservoir
120, respectively. When the optional mixer 130 is present, the outfall 140 is co@pled to the
mixer 130. When the optional mixer 130 is not present, the outfall 140 is coupled to the
freshwater reservoir 110 and the brine reservoir 120. The outfall 140 dischargés the mixture
of freshwater and brine from the mixer 130 into the river. The controller 180 is configured to
operate the valves 11 and 12 or the valve 13 as described above but without any limitations

imposed by the tides.

[0018] FIG. 2 is a block diagram of an illustrative embodiment of a brine disposal system
200. The brine disposal system 200 includes a reservoir 210, a mixer 230, a tidal port 240,
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a controller 250, and a valve 14.

[0020] The reservoir 210 receives brine from a brine source 220, which can be elevated
relative to the reservoir 210. The valve 14 is coupled between the brine source 220 and the
reservoir 210 for confrolling the release of the brine and its rate. When controller 250 opens
the valve 14, the brine source 220 releases the brine into the reservoir 210 by gravity. The
brine source 220 may be of any type including but not limited to a brine reservoir coupled to
store the brine from another brine source, such as a desalination plant. The brine reservoir
220 may be partially or entirély man-made. The brine reservoir 220 has walls and floor to
contain the brine, and an open or a closed top. ‘ -

[0021] In an embodiment, the reservoir 210 is located in an intertidal zone. One or more
tidal forces causes seawater to enter the reservoir 210 and mix with the brine released from
brine source 220, and the mixture of seawater and brine to exit from the reservoir 210. The
reservoir 210 may be partially or entirely man-made. The reservoir 210 has walls and floor
to contain the seawater and the brine, and an open or a closed top. Before high tide, the
tidal port 240 remains closed so that the brine released from the brine source 220 is stored
in the reservoir 210. During high tide, controller 250 opens the tidal port 240 so that the
seawater may enter the reservoir 210 by the one or more tidal forces. The tidal movement
mixes the seawater with the brine stored in the reservoir 210. After high tide, the tidal port
240 remains open for a period of time so that the mixture of seawater and brine may exit the
reservoir 210 during low tide. In the example embodiment déscribed above, the location
and the construction configuration of the reservoir 210 aliow it to passively collect the
seawater and mix it with the brine, and to passively discharge the mixture of seaWater and

brine.

[0022] The mixer 230 is located in the reservoir 210 and furfher mixes the seawater and the
brine. The mixer 230 may be of any type including but not limited to a static mixer or a
powered mixer. '

[0023] FIG. 3 is a block diagram of an illustrative embodiment of a brine disposal system
300. The brine disposal system 300 includes a reservoir 310, a mixer 330, a tidal port 340,
a controller 350, and a vaive 15.

[0024] The reservoir 310 receives brine from a brine source through the vaive 15. When
controller 350 opens the valve 15, the brine source releases the brinek into the reservoir 310.
The brine source may be of any type including but not iimited to a desalination plant or a
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brine reservoir coupled to store the brine from the desalination plant.

[0025] The reservoir 310 is located in an intertidal zone. One or more tidal forces causes
seawater to enter the reservoir 310 and mix with the brine released from brine source, and
the mixture of seawater and brine to exit from the reservoir 310. The reservoir 310 may be
partially or entirely man-made. The reservoir 310 has walls and fioor to contain the
seawater and the brine. The reservoir 310 may have an open top and a wall 360 that faces
the ocean. The height of the wall 360 may be lower than the high-tide sea level to allow the
seawater to crest over the wall 360 and enter the reservoir 310 during high tide. Before high |
tide, the tidal port 340 remains closed so that the brine released from the brine sodrce may
be stored in the reservoir 310. During high tide, the one or more tidal forces cause the
seawater to crest over wall 360 and mix with the brine. After high tide, the controlier 350
opens the tidal port 340 for a period of time so that the mixture of seawater and brine may
exit the reservoir 310 during low tide. The wall 360 of the reservoir 310 may be a height-
adjustable wall for accommodating to variations in the high-tide sea level.

[0026] The tidal port 340 may be a sea door at or near the bottom of the reservoir 310. In
an illustrated embodiment, the tidal port 340 is only opened for a period of time during low
tide for releasing the mixture of seawater and brine. In another illustrated embodiment, the
tidal port 340 may also be opened during high tide for gathering more seawater and allowing
the tidal movements to further accelerate the mixing process.

[0027] The mixer 330 is located in the reservoir 310 and further mixes the seawater and the
brine. The mixer 330 may be of any type including but not limited to a static mixer or a
powered mixer.

[0028] FIG. 4 is a block diagram of an illustrative embodiment of a brine disposél system
400. The brine disposal system 400 includes a reservoir 410, a mixer 430, a tidal port 440,
a controller 450, and a valve 16. : L

[0029] The reservoir 410 receives brine from a brine source through the valve 16. When
controller 450 opens the valve 16, the brine source releases the brine into the reservoir 410.
The brine source may be of any type including but not limited to desalination plant or a brine

reservoir coupled to store the brine from the desalination plant.

[0030] The reservoir 410 is located in an intertidal zone. One or more tidal forces causes
seawater to enter the reservoir 410 and mix with the brine released from brine source, and
the mixture of seawater and brine to exit from the reservoir 410. The reservoir 410 may be
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partially or entirely man-made. The reservoir 410 has walls and floor to contain the
seawater and the brine, and an open or a closed top. Before high tide, the tidal port 440
remains closed so that the brine released from the brine source may be stored in the
reservoir 410. The tidal port 440 may be a sea door at or near the bottom of the reservoir
410. After the brine is stored in the reservoir 410, the controller opens the tidal port 440 |
during high tide so that the one or more tidal forces may cause the seawater to enter the
reservoir 410 through the tidal port 410 and mix with the brine. After high tide, the tidal port
440 remains open for a period of time so the mixture of seawater and brine may exit the
reservoir 410 during low tide. o

[0031] The mixer 430 is located in the reservoir 410 and further mixes the seawater and the
brine. The mixer 430 may be of any type including but not limited to a static mixer or a

powered mixer.

[0032] In the illustrative embodiments depicted in FIGs 1 to 4, the capacity of the reservoirs
and how the brine from the brine source is released into the reservoir may be determined by
the amount of brine to be discharged and the tidal period of the dilution tide. In an example
embodiment, assume the tidal period of the dilution tide is about 12.5 hours. In an example
embbdiment, assume that the amount of brine generated by the brine source, such as by a
desalination plant, during the tidal périod is equal to “A” tons and has twice the salinity of
seawater, a 1:1 dilution factor results in a diluted mixture having 1.5 times the salinity of
seawater, and a 1:9 dilution factor results in a diluted mixture having 1.1 times the salinity of

seawater.

[0033] In one application, the release of high salinity brine into the brine reservoirs 120 and
220 or the reservoirs 310 and 410 is completed before each high tide. Under su’ch
circumstance, the brine reservoir 120 and the seawater reservoir 110 in FIG. 1 are each
required to contain at least A tons of liquid for 1:1 dilution factor, or are respectively required
to contain at least A tons and 9A tons of liquid for 1:9 dilution factor. The resen)oifs 310
and 410 in FIGS. 3 and 4 are each required to contain at least 2A tons of liquid :for?1:1
dilution factor, or at least 10A tons of liquid for 1:9 dilution factor. '

[0034] In another application, the release of high salinity brine into the brine reservoirs 120
and 210 or the reservoirs 310 and 320 may also occur during high tide. By periodically
opéning the valves and modulating the release of the brine during high tide, the size of the

reservoirs may be reduced.
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[0035] Fig. 5 is a block diagram of an illustrative embodiment of a plant 500 which uses a
once-through cooling system for brine disposal. The plant 500 includes a water cooling
system 510, a brine tank 520 and one or more equipment 50. The plant 500 may be of any
type including but not limited to a desalination plant, and the equipment 50 may be of any
type including but not limited to desalination equipment that generate heat when extracting
brine. The brine tank 520 is configured to store the brine generated by the equipment 50.

[0036] The water cooling system 510 includes a cooling loop 512, a pump 514, a mixer 530,
an outfall 540, a valve 542, and a controller 550. The cooling loop 512 is thermally coupled
to the equipment 50 for controliing the operational temperature of the equipment 50. The
pump 514 is disposed in the cooling loop 512 for circulating water from a water source (e.g.,
seawater from an ocean or freshwater from a river) in the cooling loop 512. The brine tank
520 is coupled to valve 542, which is then coupled by the mixer 5§30 to the cooling loop 512
for mixing the brine and water. The mixing of the brine from the brine tank 520 and the
water occurs as the pump 514 circulates the water in the cooling loop 512 and is further
aided by the mixer 530. The outfall 540 is coupled to the cooling loop 512 for discharging
the mixture of seawater and brine into the water source, thereby minimizing the impacts on
the ecosystem. Controller 550 controls valve 542 to control the rate the brine is introduced
into cooling loop 512.

[0037] With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can transiate from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application. The various singular/plural
permutations may be expressly set forth herein for sake of clarity.

[0038] It will be understood by those within the art that, in general, terms used herein, and
especially in the appended ciaims (e.g., bodies of the appended claims)\ are generally
intended as "open" terms (e.g., the term "including" should be interpreted as "including but
not limited to," the term "having” should be interpreted as "having at least," the térrh
"includes" should be interpreted as "includes but is not iimited to," etc.). It will be fiurther‘
understood by those within the art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the claim, and in the absence of such
recitation no such intent is present. For example, as an aid to understanding, the following
appended claims may contain usage of the introductory phrases "at least one" and "one or
more" to introduce claim recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation by the indefinite articles "a" or
"an" limits any particular claim containing such introduced claim recitation to inventions



10

15

20

25

WO 2012/023901 PCT/SG2010/000302

containing only one such recitation, even when the same claim includes the introductory
phrases "one or more" or "at least one" and indefinite articles such as "a" or "an" (e.g., "a"
and/or "an" should typically be interpreted to mean "at least one" or "one or more"); the
same holds true for the use of definite articles used to introduce claim recitations. In
addition, even if a specific number of an introduced claim recitation is explicitly recited,
those skilied in the art will recognize that such recitation should typically be interpreted to
mean at least the recited number (e.g., the bare recitation of "two recitations," without other
modifiers, typically means at /east two recitations, or two or more recitations). Furthermore,
in those instances where a convention analogous to "at least one of A, B, and C etc." is
used, in general such a construction is intended in thé sense one having skill in the art
would understand the convention (e.g., "a system having at ieast one of A, B, and C" wouid
include but not be limited to systems that have A alone, B alone, C alone, A and B togéther, -
A and C together, B and C together, and/or A, B, and C together, etc.). Inthose instances
where a convention analogous to "at least one of A, B, or C, etc." is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., "a system having at least one of A, B, or C" would include but not be
limited to systems that have A alone, B aione, C alone, A and B together, A and C together,
B and C together, and/or A, B, and C together, etc.). It will be further understood by those
within the art that virtually any disjunctive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms, either of the terms, or both
terms. For example, the phrase "A or B" will be understood to include the possibilities of "A"
or"B"or"Aand B." '

[0039] While various aspects and embodiments have been disciosed herein, other aspects
and embodiments will be apparent to those skilled in the art.- The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be
limiting, with the true scope and spirit being indicated by the following claims.
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We Claim:

1. A brine disposal system for a brine source, comprising:

a water reservoir for storing water, the water reservoir being located near a water source
so one or more tidal, gravitational, and mechanical forces cause the water to enter -
and exit the water reservoir;

a brine reservoir for storing brine from the brine source, wherein one or more of tidal,
gravitational, and mechanical forces cause the brine to exit from the brine reservoir;
and ' '

an outfall coupled to the water and the brine reservoirs, the outfall discharging a mixture
of the water and the brine into the water source. y

2. The brine disposal system of claim 1, wherein:
the water source is a river; and
the water reservoir is a freshwater reservoir that stores freshwater from the river.

3. The brine disposal system of claim 1, wherein:
the water source is an ocean;
the water reservoir is a seawater reservoir, and the tidal forces cause seawater to enter
the seawater reservoir during high tide and to exit from the seawater dufing‘ low tide;
and
the brine reservoir is located in the intertidal zone so the one or more tidal forces cause
the brine to exit from the brine reservoir during low tide.

4. The brine disposal system of claim 3, further comprising a mixer coupling the water and the
brine reservoirs to the outfall, the mixer mixing the seawater and the brine as they exit the

seawater and the brine reservoirs during low tide.

5. The brine disposal‘éystem of claim 3, further comprising:
a first vaive coupled to the brine reservoir;
a first pipe coupled between the first valve and the mixer;
a second vaive coupled to the seawater reservoir;
a second pipe coupled between the second valve and the mixer; and
>a controller configured to close the first valve to store the brine, to open the first valve
during low tide to allow the brine to exit the brine reservoir, to close the second valve

10
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to store the seawater and to open the second valve during low tide to allow the
seawater to exit the seawater reservoir.

6. The brine disposal system of claim 5, wherein the seawater reservoir comprises a wall
facing the ocean, wherein the tidal force causes the seawater to crest over the wall during
high tide.

7. The brine disposal system of claim 3, further comprising:
a valve coupled to the mixer; ‘
a first pipe coupling the seawater reservoir to the valve;
a second pipe coupling the brine reservoir to the valve; and
a controller configured to close the valve to store the seawater and the brine in the
seawater and the brine reservoirs, respectively, and to open the vaive during low tide
to allow the seawater and the brine to exit the seawater and the brine reservoirs,

respectively.

8. A brine disposal system for a brine source, comprising:
a reservoir for receiving seawater and brine, the reservoir being located in an intertidal
zone;
a tidal port coupled to the reservoir, wherein one or more tidal forces cause the seawater
to exit from the reservoir through the tidal port during low tide; and
a vaive coupled between the brine source and the reservoir.

9. The brine disposal system of claim 8, wherein the brine source comprises a brine reservoir
coupled to store the brine from another brine source.

10. The brine disposal system of claim 8, wherein the one or more tidal forces cause the
seawater to enter the reservoir through the tidal port during high tide and to mix with the

brine in the reservoir.

11. The brine disposal system of claim 8, wherein the brine reservoir is elevated relafive to the

seawater reservoir.

12. The brine disposal system of claim 8, further comprising a mixer in the reservoir for mixing

11
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the seawater and the brine.

13. The brine disposal system of claim 8, further comprising a controlier coupied to the valve to
control release of the brine into the reservoir.

14. The brine disposal system of claim 8, wherein the seawater reservoir comprises a wall
facing an ocean, wherein the one or more tidal forces cause the seawater to crest over the

wall and to mix with the brine during high tide.
15. The brine disposal system of claim 14, wherein the wall comprises a height-adjustable wall.

16. The brine disposal system of claim 8, wherein the tidal port comprises a sea door at or near

a bottom of the reservoir.

17. A plant, comprising:
equipment generating heat;
a brine tank storing brine; and
a water cooling system, comprising:
a cooling loop thermally coupled to the equipment;
a pump in the cooling loop, the pump circulating water from water source in the
cooling loop;
a mixer coupling the brine tank to the cooling loop, the mixer mixing the brine and the
water;
an outfall coupled to the cooling loop to discharge a mixture of the water and the brine

into the water source.
18. The plant of claim 17, wherein:
the water source is an ocean or a river; and
the water is freshwater or seawater.

19. The plant of claim 17, wherein the water cooling system is a once-through cooli'ng‘system.

20. The plant of claim 17, wherein the equipment comprises desalination equipment, and the
brine tank stores brine from the desalination equipment.

12
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