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MEDIA FILTER HAVING NONPOWERED
MIXING AND COAGULATION BASIN, AND
SEAWATER DESALINATION PLANT AND
DISSOLVED AIR FLOATATION APPARATUS
USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Appli-
cation Nos. 10-2015-0064887 filed on May 8, 2015 and
10-2015-0062718 filed on May 4, 2015, the contents of
which are incorporated herein in their entirety.

BACKGROUND

[0002] The present disclosure relates to a media filter
having a nonpowered mixing and coagulation basin and a
seawater desalination plant using the same, and a nonpow-
ered mixing and coagulation basin and a dissolved air
floatation device using the same, and more particularly, to a
nonpowered mixing and coagulation basin which generates
at least two different turbulent flows inside the mixing and
flocculation basin to which raw water so that particles
contained in raw water circulate and come into contact with
each other by a water current to coagulate into a predeter-
mined size, and a media filter and a dissolved air floatation
device having the nonpowered mixing and coagulation
basin.

[0003] Reverse osmosis out of various sea water desali-
nation methods is a method for obtaining fresh water by
applying pressure to seawater to desalt seawater through a
reverse osmosis (RO) membrane. The RO membrane is a
semipermeable membrane having ultrafine pores with a
diameter of about 0.1 nm to 0.5 nm, and has been widely
used to desalinate seawater, having the property to selec-
tively penetrate only water molecules but not to penetrate
impurities, such as salt.

[0004] However, seawater which is raw water contains not
only the impurities, such as salt, but also fine suspended
matters having coarse particles. Therefore, in order to pre-
vent pollution of the RO membrane by the fine suspended
matters, a pre-treatment process for removing the fine sus-
pended matters from seawater is carried out at the front end
of various plants for seawater desalination water treatment
including the desalination treatment by the RO membrane.
Moreover, in order to remove fine suspended matters con-
tained in seawater, a pre-treatment process having a mixing
basin, a coagulation basin and a filter basin or a water
treatment process having a mixing basin, a coagulation basin
and a floatation basin has been generally used.

[0005] First, the media filter of the former will be
described.
[0006] The mixing basin rapidly mixes chemicals and raw

water, first coagulates fine suspended matters, and dis-
charges the coagulated fine suspended matters to the coagu-
lation basin. The coagulation basin grows the suspended
matters first coagulated by the mixing basin into the size
filterable in the filter basin, and then, discharges the sus-
pended matters to the filter basin arranged at the rear end.
For this, mechanical agitators are mounted inside the mixing
basin and the coagulation basin in order to form a circulating
water flow for inducement of coagulation and growth of
aggregates through contact between an injected coagulant or
an auxiliary coagulant and the suspended matters.
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[0007] The filter basin filters grown flocculated matters
passing a filter media or a membrane made of sand or
activated carbon, and especially, sand filtering is a method to
remove suspended matters by inducing raw water to the
filter basin in which the filter media having a sand layer and
a support gravel layer is mounted and passing and passes the
filter basin. In order to increase removal efficiency of the
suspended matters, dual media filtration (DMF) that has
different filter media, such as sand, activated carbon and
anthracite, arranged doubly has been used widely.

[0008] The dual media filtration is a method to remove
suspended matters by passing and filtering suspended mat-
ters through a two-layered grain filter media made with sand
and anthracite. In general, the dual media filtration has an
advantage in that it is easy to secure filter media and it is
possible to treat dissolved organic matters because a double-
layered filter is provided.

[0009] Next, the water treatment system for floatation of
the latter will be described.

[0010] The mixing basin and the coagulation basin of the
water treatment system are generally identical or similar to
those of the media filter, but the water treatment system is
different from the media filter in that the water treatment
system uses not the filter basin but the floatation basin. The
floatation basin can collect and remove particles by skim-
ming when the particles rise to the surface. That is, the
floatation basin attaches microbubbles to a suspended phase
contained in a dispersion medium by a physical action to
raise to a limiting surface where the dispersion medium gets
in contact with the air in order to induce solid-liquid
separation.

[0011] Such a flotation basin adopts dissolved air floata-
tion (DAF), induced air flotation (IAF), vacuum flotation,
electrolytic flotation, microbiological auto flotation and so
on according to microbubble generating methods.

[0012] Dissolved air floatation (DAF) is a water treatment
method including the steps of: sufficiently dissolving air in
water at high pressure; injecting the dissolved air into raw
water; forming the air supersaturated in the water, which is
decompressed under water, into microbubbles; combining
the microbubbles with flocs in the treated raw water; and
rapidly raising the bubble-floc combination to the surface of
water in order to achieve solid-liquid separation.

[0013] Itis essential to inject chemicals in order to remove
suspended particulate matters during the water treatment
process or the seawater desalination process which include
all of the former and the latter. In general, because most
coagulants used for water treatment form flocs and carries
out coagulation as soon as raw water is put in, namely,
within one second, it is very important to rapidly mix the
coagulant with raw water as soon as possible after the
coagulant is put in. The reason is that coagulation efficiency
is deteriorated when the coagulant is not rapidly mixed as
soon as raw water is put in, namely, when the coagulant is
not evenly distributed to the whole raw water. Therefore,
core elements for design are injection spots and injection
methods when the coagulant is injected, flow forms of raw
water and structures of mixing basins.

[0014] As the mixing method, there are a mechanical type,
a water current type, a diffusion pump type and so on. The
mechanical mixing has been used the most widely in the
water treatment process. For this, one or more mechanical
mixing devices are mounted on a tank or a water channel.
General design standards are mixing intensity of 300 sec-'
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(G value), mixing period of 10 seconds to 30 seconds, and
required power of 2.23 hp to 2.62 hp per 10,000 m>/d. The
mechanical flash mixing has several disadvantages in that it
is difficult to mix in a moment, in that the mechanical flash
mixing causes lots of short circuits, in that it takes too much
time and a lot of energy to mix a metal salt coagulant, and
in that a rotary shaft and a gear drive frequently get into
trouble.

[0015] Moreover, because the mixing basin and the coagu-
lation basin respectively have impeller-type mechanical
agitators, the mechanical agitators must be continuously
operated in order to dispose wastewater. Therefore, the
mechanical flash mixing device has additional disadvantage
in that it increases facility installation fees and maintenance
fees, such as electric charges for operating the mechanical
agitators. Furthermore, the mechanical flash mixing device
has a further disadvantage in that bad smell is spread when
the mechanical agitator is operated because the conventional
flash mixing basin has an open structure at the upper part.
[0016] Japanese Patent Publication No. 1993-038492 pub-
lished on Feb. 19, 1993 discloses a method for removing
pollutants from seawater supplied to a seawater desalination
system, more particularly, a method for removing pollutants
by putting an inorganic compound solution and a sulfuric
acid solution or a chloride solution into a coagulant and
passing the solution through a double-layered filter tower
which is filled with sand and anthracite.

[0017] Korean Patent No. 0916709 published on Sep. 11,
2009 discloses a nonpowered mixing apparatus within a pipe
to maximize mixing efficiency using scattering elements to
get in contact with raw water by chemicals which are
scattered in the reverse direction to the raw water.

[0018] However, these devices still have disadvantages in
that facility installation fees and maintenance fees for oper-
ating the mechanical agitators are increased because the
agitators must be continuously operated to carry out pre-
treatment of raw water or in that filtering efficiency is
deteriorated because flocs generated by coagulation between
chemicals and suspended matters of raw water are not grown
enough to be removed in the filter basin when mixing is
carried out without power.

[0019] Additionally, Korean Patent No. 1133174 pub-
lished on Apr. 6, 2012 discloses a movable water treatment
system and an automatic control method using DAF with an
independent power supply for small and medium sized water
bodies. Korean Patent No. 1133174 proposes a water treat-
ment system utilizing DAF to a movable vehicle having
self-power source which does not need supply of driving
power from an external supply source. However, there is still
a disadvantage in that a mechanical agitator must be con-
tinuously operated for water treatment and it causes equip-
ment installation expenses and maintenance fees for oper-
ating the mechanical agitator.

SUMMARY

[0020] Accordingly, the present disclosure has been made
to solve the above-mentioned problems, and it is an object
to provide a media filter having a nonpowered mixing and
coagulation basin, which generates turbulent flows inside
raw water by layered different materials filling the mixing
and coagulation basin so that particles contained in the raw
water circulate therein and come into contact with each other
by a water current to coagulate into a predetermined size, a
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media filter disposed inside a channel mounted to supply and
distribute raw water to a filter basin, and a seawater desali-
nation plant using the same.

[0021] Moreover, it is another object to provide a non-
powered mixing and coagulation basin, which generates
turbulent flows inside raw water by layered different mate-
rials filling the mixing and coagulation basin so that particles
contained in the raw water circulate therein and come into
contact with each other by a water current to coagulate into
apredetermined size, and a dissolved air floatation apparatus
using the same.

[0022] To accomplish the above object, according to a first
preferred embodiment, there is provided a media filter
having a nonpowered mixing and coagulation basin includ-
ing: a mixing and coagulation basin for coagulating particles
to form flocs and growing up them when a coagulant is put
in raw water; and a plurality of filter basins for filtering and
removing the flocs contained in the raw water using media
filling the inside of the filter basin, wherein the mixing and
coagulation basin includes: a first mixing and coagulation
part which is filled with first turbulence derivatives to
generate high speed turbulence to form flocs in the raw
water; and a second mixing and coagulation part which is
filled with second turbulence derivatives to generate turbu-
lence slower than the turbulence of the first mixing and
coagulation part so as to grow the flocs in the raw water
passing the first mixing and coagulation part, and wherein
the mixing and coagulation basin is disposed inside a supply
channel through which the raw water is transferred to a filter
basin.

[0023] The supply channel includes: an inflow channel
through which the raw water to be treated is flown in from
the outside; and a distribution channel which supplies the
raw water to a plurality of the filter basins.

[0024] The inflow channel includes: a first partition which
is mounted at right angles to the bottom at a position spaced
apart from the bottom of the inflow channel at a predeter-
mined interval to partition an inner space of the inflow
channel, the inner spaces of the inflow channel partitioned
by the first partition are respectively filled with the first
turbulence derivatives, and the raw water passes the first
turbulence derivatives in the downstream direction and
passes the first turbulence derivatives in the upstream direc-
tion to be transferred to the distribution channel.

[0025] The second mixing and coagulation part is dis-
posed inside the distribution channel, and the second turbu-
lence derivatives fill the inner spaces of the distribution
channel side by side in the downstream direction.

[0026] The distribution channel includes: a main flow path
having the second mixing and coagulation part, and a bypass
flow path disposed in parallel with the main flow path; a
second partition for partitioning the main flow path from the
bypass tflow path; and at least one sluice disposed on the
second partition in order to transfer the treated water flown
into the main flow path to the bypass flow path.

[0027] The first turbulence derivatives are mesh-type
materials which are stacked manifold, or a plurality of fiber
aggregates which get tangled together.

[0028] The first turbulence derivatives are a plurality of
pall ring type materials. The second mixing and coagulation
part has separate stages which are filled with a plurality of
the pall ring type materials and are arranged side by side in
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series. The stages are disposed to get smaller in packing
density of the pall ring type materials toward the down-
stream side.

[0029] The filter basin is a dual media filtration (DMF)
basin.
[0030] In another aspect, the present disclosure provides a

seawater desalination plant for producing fresh water by
carrying out desalination treatment after carrying out a
pre-treatment process to remove pollutants inside seawater
through the media filter.

[0031] In a further aspect, the present disclosure provides
a nonpowered mixing and coagulation basin which coagu-
lates coagulant injected into raw water and particles inside
the raw water to form and grow up flocs, including: a first
mixing and coagulation part which is filled with first turbu-
lence derivatives to generate high speed turbulence to first
form flocs in the raw water; and a second mixing and
coagulation part which is filled with second turbulence
derivatives to generate turbulence slower than the turbulence
of'the first mixing and coagulation part so as to second grow
the flocs in the raw water passing the first mixing and
coagulation part.

[0032] The nonpowered mixing and coagulation basin
further includes a porous separation membrane for partition-
ing the first mixing and coagulation part from the second
mixing and coagulation part in order to maintain different
turbulence intensities between the first mixing and coagu-
lation part and the second mixing and coagulation part.

[0033] The first mixing and coagulation part is disposed
above the second mixing and coagulation part so that the raw
water passing the first mixing and coagulation part is sup-
plied to the second mixing and coagulation part by gravity.

[0034] The first turbulence derivatives are mesh-type
materials which are stacked manifold or a plurality of fiber
aggregates which get tangled together.

[0035] The second turbulence derivatives are a plurality of
pall ring type materials, and the second mixing and coagu-
lation part has a plurality of stages which are filled with a
plurality of the pall ring type materials and are spaced apart
from each other. The stages are disposed to get smaller in
packing density of the pall ring type materials toward the
downstream side.

[0036] In a still further aspect, the present disclosure
provides a dissolved air floatation (DAF) apparatus which
includes a mixing and coagulation basin for coagulating
flocs when coagulant is put in raw water and a floatation
basin for floating and removing flocs when microbubbles are
injected to the raw water, the DAF apparatus further includ-
ing: a first mixing and coagulation part which is filled with
first turbulence derivatives to generate high speed turbulence
to form flocs in the raw water; and a second mixing and
coagulation part which is filled with second turbulence
derivatives to generate turbulence slower than the turbulence
of the first mixing and coagulation part so as to grow the
flocs in the raw water passing the first mixing and coagu-
lation part.

[0037] The DAF apparatus further includes an additional
coagulation basin having an agitator mounted between the
mixing and coagulation basin and the floatation basin, and a
bypass channel disposed below the first mixing and coagu-
lation part to transfer treated water passing the first mixing
and coagulation part to the rear end without passing through
the second mixing and coagulation part.
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[0038] The first mixing and coagulation part is disposed
above the second mixing and coagulation part so that the raw
water passing the first mixing and coagulation part is sup-
plied to the second mixing and coagulation part by gravity.
[0039] The first turbulence derivatives are mesh-type
materials which are stacked manifold or a plurality of fiber
aggregates which get tangled together, and the second
turbulence derivatives are a plurality of pall ring type
materials. The stages are disposed to get smaller in packing
density of the pall ring type materials toward the down-
stream side.

[0040] The present disclosure relates to a media filter
having a nonpowered mixing and coagulation basin, a
seawater desalination plant using the same, and a dissolved
air floatation apparatus using the nonpowered mixing and
coagulation basin. The media filter generates turbulent flows
by injecting mash-type materials to an upstream zone of raw
water flowing into the media filter or to the upper part of the
mixing and coagulation basin of the dissolved air floatation
apparatus in order to rapidly mix particles contained in the
raw water with a coagulant and carries out slow coagulation
by filling a downstream zone of the raw water with packing
materials (Pall Ring) to form two different turbulent
strengths at the upstream zone and the downstream zone,
thereby reducing power consumption without using any
power unit.

[0041] Furthermore, the media filter according to the pres-
ent disclosure can miniaturize the entire equipment, reduce
engineering costs and maximize efficiency of the supply/
distribution channel which was not good in space occupation
conventionally, because the mixing/filter basin which was
conventionally mounted at the front end of the filter basin is
disposed integrally on the channel which supplies and
distributes raw water to the filter basin.

[0042] Therefore, the media filter having the nonpowered
mixing and coagulation basin can realize a compact size
because it can simultaneously carry out mixing and coagu-
lation inside the supply channel through which the raw water
is transferred, reduce equipment expenses because it does
not need an electric motor and an agitator, and reduce capital
expenditures (CAPEX) and operating expenditures (OPEX)
by reducing power consumption because it does not use any
power unit.

[0043] Additionally, the nonpowered mixing and coagu-
lation basin is formed to have multiple stages with different
packing materials and packing densities to form turbulent
flows inside the raw water and control a flow speed, thereby
uniformly mixing raw water and coagulant to enhance
coagulation efficiency.

[0044] Therefore, the nonpowered mixing and coagulation
basin can miniaturize the entire water treatment system
because the nonpowered mixing and coagulation basin can
simultaneously carry out mixing and coagulation at the front
end part of the water treatment system, reduce equipment
expenses because it does not need an electric motor and an
agitator, and reduce capital expenditures (CAPEX) and
operating expenditures (OPEX) by reducing power con-
sumption because it does not use any power unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The above and/or other aspects of the disclosure
will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:
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[0046] FIG. 1 is a mimetic plan view showing a media
filter having a nonpowered mixing and coagulation basin
according to an exemplary embodiment;

[0047] FIG. 2 is a sectional view taken along the line A-A'
showing the media filter having the nonpowered mixing and
coagulation basin;

[0048] FIG. 3 is a sectional view taken along the line B-B'
showing the media filter having the nonpowered mixing and
coagulation basin;

[0049] FIG. 4 is a mimetic diagram showing a nonpow-
ered mixing and coagulation basin according to an exem-
plary embodiment;

[0050] FIG. 5 is a mimetic diagram showing a nonpow-
ered mixing and coagulation basin according to another
exemplary embodiment; and

[0051] FIG. 6 is a mimetic diagram showing a dissolved
air floatation apparatus having a nonpowered mixing and
coagulation basin according to a further exemplary embodi-
ment.

DETAILED DESCRIPTION

[0052] Reference will be now made in detail to embodi-
ments of the present disclosure with reference to the
attached drawings. It will be understood that words or terms
used in the specification and claims shall not be interpreted
as the meaning defined in commonly used dictionaries. It
will be further understood that the words or terms should be
interpreted as having a meaning that is consistent with their
meaning in the context of the relevant art and the technical
idea of the disclosure.

[0053] Not otherwise particularly defined, it will be under-
stood that the term, ‘raw water’, means water, such as
wastewater and seawater containing various pollutants,
requiring water treatment. Therefore, ‘particles’ contained in
the raw water means various impurities, such as various
pollutants containing alga and high concentration organic
matters. Moreover, ‘treated water’ means raw water goes
through each stage or step, and ‘coagulation’ means the
phenomenon that particles contained in the raw water form
a big floc by being tangled by contact with a coagulant.
Hereinafter, it should be generally understood that the
phenomenon that the particles are coagulated into a big floc
has a wide meaning including the meaning of flocculation.
[0054] Hereinafter, referring to the drawings, the media
filter having the nonpowered mixing and coagulation basin
and the seawater desalination plant using the same according
to the present disclosure will be described in detail.

[0055] FIG. 1 is a mimetic diagram showing the media
filter having the nonpowered mixing and coagulation basin
according to an exemplary embodiment. In more detail, the
media filter having the mixing and coagulation basin accord-
ing to the present disclosure includes: a mixing and coagu-
lation basin 100 for coagulating particles to form flocs and
growing them when a coagulant is put in raw water; and a
plurality of filter basins 200 for filtering and removing the
flocs contained in the raw water using media filling the
inside of the filter basin, wherein the mixing and coagulation
basin 100 includes: a first mixing and coagulation part 110
which is filled with first turbulence derivatives 111 to
generate high speed turbulence to form flocs in the raw
water; and a second mixing and coagulation part 120 which
is filled with second turbulence derivatives 121 to generate
turbulence slower than the turbulence of the first mixing and
coagulation part 110 so as to grow the flocs in the raw water
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passing the first mixing and coagulation part 110 so that
particles contained in the raw water are coagulated into a
predetermined size while circulating and getting in contact
with a coagulant in the mixing and coagulation basin 100 by
the turbulences without agitation power, and wherein the
mixing and coagulation basin 100 is disposed inside a
supply channel 300 through which the raw water is trans-
ferred to a filter basin 200A.

[0056] The media filter having the mixing and coagulation
basin according to the present disclosure can be supplied
with raw water from the outside through the supply channel
300. The supply channel 300 includes: an inflow channel
310 through which the raw water to be treated flows in from
the outside; and a distribution channel 320 which supplies
the raw water to a plurality of the filter basins 200.

[0057] The first mixing and coagulation part 110 is dis-
posed inside the inflow channel 310, and the second mixing
and coagulation part 120 is disposed inside the distribution
channel 320. In order to maintain different turbulent
strengths between the first mixing and coagulation part 110
and the second mixing and coagulation part 120, it is
preferable that a partition be disposed to divide the inflow
channel 310 and the distribution channel 320 so that the raw
water passing the inflow channel 310 is supplied to the
distribution channel 320 by a waterfall through the partition.
[0058] Referring to FIGS. 2 and 3, the inflow channel 310
includes: a first partition 311 which is mounted at right
angles to the bottom at a position spaced apart from the
bottom of the inflow channel 310 at a predetermined interval
to partition an inner space of the inflow channel 310, and the
inner spaces of the inflow channel 310 partitioned by the first
partition 311 are respectively filled with the first turbulence
derivatives 111a and 1115. So, the raw water passes the first
turbulence derivative 111a in the downstream direction, and
then, passes the first turbulence derivative 1115 in the
upstream direction to be transferred to the distribution
channel 320.

[0059] The first mixing and coagulation part 100 is a
watertight space where the particles contained in the raw
water can form flocs by contact with the coagulant while
being circulated by the turbulences, and includes the first
turbulence derivatives 111 disposed in the downstream
direction and/or in the upstream direction and an inflow pipe
disposed at an upper part of the first mixing and coagulation
part 110.

[0060] The raw water flown in through the inflow pipe in
the form of a straight water flow forms a rapid turbulent flow
while passing the first turbulent derivatives 111 filling the
inside of the first mixing and coagulation part 110, so that the
particles contained in the raw water come into contact with
the coagulant to form flocs by the turbulences. The first
turbulent derivatives 111 may have the form that mesh-type
materials are stacked manifold or the form that a plurality of
fiber aggregates get tangled together, preferably, may be
stacked asymmetrically not to vertically coincide pores with
each other between the mesh-type material having pores and
the neighboring mesh-type material. Because the pores of
the mesh-type materials are stacked asymmetrically in the
vertical direction, the filter media according to the present
disclosure can generate turbulences by gravity while the raw
water passes the mesh-type materials and control the speed
of turbulences generated according to sizes of the pores.
[0061] When the treated water passing the first mixing and
coagulation part 110 is transferred to the distribution channel
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320 by waterfall, the treated water passes the second mixing
and coagulation part 120 disposed inside the distribution
channel or passes a bypass flow path 322 in parallel with the
downstream direction of the second mixing and coagulation
part 120, and then, is transferred to the filter basins 200.
[0062] The distribution channel 320 includes: a main flow
path 321 having the second mixing and coagulation part
120; the bypass flow path 322 disposed in parallel with the
main flow path 321; a second partition 323 for partitioning
the main flow path 321 from the bypass flow path 322; and
at least one sluice 324 (342a, 3245, 324c¢) disposed on the
second partition 323 in order to transfer the treated water
flown into the main flow path 321 to the bypass flow path
322. The sluice 324 of the second partition 323 for parti-
tioning the second mixing and coagulation part 120 from the
bypass flow path 322 can control a flow of the raw water to
pass a stage of the second mixing and coagulation part 120
which is filled with a plurality of pall ring type materials
according to conditions of the raw water.

[0063] The second mixing and coagulation part 120 is a
space for growing the flocs contained in the treated water by
the slow turbulence generated while the treated water pass-
ing the first mixing and coagulation part 110 passes the
second turbulence derivatives 121. The downstream area of
the second mixing and coagulation part 120 can communi-
cate with the filter basin 200A for filtering the treated water
containing the flocs.

[0064] The rapid turbulence of the first mixing and coagu-
lation part 110 and the slow turbulence of the second mixing
and coagulation part 120 are not specifically limited in
speed, and can be defined by a relative difference in turbu-
lent strength inside the first mixing and coagulation part 110
and the second mixing and coagulation part 120. The second
turbulence derivatives 121 are filled with a plurality of the
pall ring type materials, and preferably, a plurality of sepa-
rate stages which are filled with a plurality of the pall ring
type materials are arranged side by side in multiple stages.
[0065] In the second mixing and coagulation part 120 in
which the separate stages filled with a plurality of the pall
ring type materials are arranged side by side in multiple
stages, the number of the stages can be controlled according
to conditions of the raw water, and it is preferable that the
stages be separated from each other and packing density get
gradually smaller toward the downstream area. The reason is
that turbulence diminishes in speed and flocs can grow more
when packing density becomes lower.

[0066] Preferably, the filter basin 200A is a dual media
filtration basin which is filled with media with different
specific gravities in two stages in order to provide effective
filtration. Because the dual media filtration method and the
media used for the dual media filtration are not specifically
limited if they are used to filter suspended matters and
foreign matters which are generally contained in raw water,
their detailed descriptions will be omitted.

[0067] The media filter having the nonpowered mixing
and coagulation basin can control the number of the stages
of the second mixing and coagulation part 120 and control
the flow of the raw water through the bypass flow path 322
according to the conditions of the raw water.

[0068] In more detail, if the flocs coagulated in the treated
water passing the first mixing and coagulation part 110 are
grown up into a sufficient size for the filter basin 200A, the
flocs can be controlled in flow to select a first flow to direct
the flocs toward the filter basin 200A not through the
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multiple stages of the second mixing and coagulation part
120 but through the bypass flow path 322, a second flow to
direct the flocs toward the filter basin 200A in such a way
that the flocs pass some of the multiple stages of the second
mixing and coagulation part 120 from the first mixing and
coagulation part 110 and are transferred to the bypass flow
path 322 through the sluice 324 included in the second
partition 323, and a third flow to direct the flocs toward the
filter basin 200A after passing the first mixing and coagu-
lation part 110 and the second mixing and coagulation part
120.

[0069] Therefore, the media filter according to the present
disclosure can selectively control the flow of the treated
water from the first flow to the third flow according to
conditions, temporary problems and states of the raw water,
thereby reducing operation expenses.

[0070] In another aspect of the present disclosure, a sea-
water desalination plant carries out desalination using
reverse osmosis after carrying out pre-treatment to seawater
through the media filter having the nonpowered mixing and
coagulation basin. Preferably, the seawater desalination
plant obtains fresh water through the steps of: making raw
water, namely, seawater, get in contact with a coagulant
through the media filter having the nonpowered mixing and
coagulation basin to form and grow up flocs; carrying out
pre-treatment by filtering the flocs through the filter basin
200A to remove organic contaminants or inorganic solid
bodies in the seawater; and desalting seawater by passing the
pre-treated seawater through a desalinator.

[0071] The desalinator includes a reverse osmosis mem-
brane with a hole diameter of about 1 nm to 2 nm. It is
preferable that the reverse osmosis membrane be in a spiral
form, a tubular form or a hollow fiber membrane form to
treat a great deal of seawater.

[0072] The seawater desalination plant using the media
filter having the nonpowered mixing and coagulation basin
can recover efficiency through backwash when the media
filter or the desalinator which are the pre-treatment devices
are deteriorated in efficiency by long-term operation, and
can desalinate seawater through repeated recycling.

[0073] In the meantime, the present disclosure provides a
nonpowered mixing and coagulation basin and a dissolved
air floatation apparatus using the same according to a further
preferred embodiment.

[0074] FIG. 4 is a mimetic diagram showing a nonpow-
ered mixing and coagulation basin 100 according to an
exemplary embodiment of the present disclosure. In more
detail, the nonpowered mixing and coagulation basin which
coagulates coagulant injected into raw water and particles
inside the raw water to form and grow up flocs, in order to
substitute for functions of the conventional mechanical
mixing and coagulation basin, includes: a first mixing and
coagulation part 110 which is filled with first turbulence
derivatives 111 to generate high speed turbulence to first
form flocs in the raw water; and a second mixing and
coagulation part 120 which is filled with second turbulence
derivatives 121 to generate turbulence slower than the
turbulence of the first mixing and coagulation part 110 so as
to second grow the flocs in the raw water passing the first
mixing and coagulation part 110, so that the particles con-
tained in the raw water are coagulated into a predetermined
size by coming into contact with the coagulant while circu-
lating inside the mixing and coagulation basin by turbulent
flows without any stirring power.
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[0075] The nonpowered mixing and coagulation basin 100
further includes a porous separation membrane 130 for
partitioning the first mixing and coagulation part 110 and the
second mixing and coagulation part 120 in order to maintain
different turbulence intensities between the first mixing and
coagulation part 110 and the second mixing and coagulation
part 120.

[0076] First, the first mixing and coagulation part 110 is a
watertight space to form flocs while the particles contained
in the raw water are circulated by turbulent flows generated
when the raw water flowing into the first mixing and
coagulation part 110 passes the first turbulent derivatives
111, and has an inflow pipe disposed at the upper side to
make the raw water flow in.

[0077] The raw water flowing through the inflow pipe in
the form of a straight flow forms a high-speed turbulence
while passing the first turbulent derivatives 111 charged in
the first mixing and coagulation part 110, and the particles
contained in the raw water and the coagulant come into
contact with each other by the turbulence so as to form flocs.
The first turbulent derivatives 111 are mesh-type materials
which are stacked manifold or a plurality of fiber aggregates
which get tangled together, and preferably, may be stacked
asymmetrically not to vertically coincide pores with each
other between the mesh-type material having pores and the
neighboring mesh-type material. Because the pores of the
mesh-type materials are stacked asymmetrically in the ver-
tical direction, the filter media according to the present
disclosure can generate turbulences by gravity while the raw
water passes the mesh-type materials and control the speed
of turbulences generated according to sizes of the pores.
[0078] The second mixing and coagulation part 120 is a
space for growing the flocs contained in the raw water due
to a slow-speed turbulence generated when the treated water
passing the first mixing and coagulation part 110 passes the
second turbulent derivatives 121, and includes a treated
water discharge pipe mounted at the lower side for discharg-
ing the treated water in which the flocs are contained.
[0079] The second turbulent derivatives 121 has the form
that is filled with a plurality of pall ring type materials,
preferably, may be formed by a plurality of separate stages
filled with the plural pall ring type materials which are
stacked in multilayers.

[0080] FIG. 5is a schematically mimetic diagram showing
a nonpowered mixing and coagulation basin 100 having the
second mixing and coagulation basin 120 which has the
form that the stages filled with the plural pall ring type
materials are stacked in multilayers. In the second mixing
and coagulation part 120 of the nonpowered mixing and
coagulation basin 100 according to the present disclosure,
the number of the stages of the separated type which are
respectively filled with the pall ring type materials can be
regulated according to conditions of the raw water. It is
preferable that the stages be disposed to get smaller in
packing density of the pall ring type materials toward the
downstream side. The reason is that it can grow up the flocs
bigger because turbulence speed gets slower when packing
density gets lower.

[0081] The separation membrane 130 is to partition the
first mixing and coagulation part 110 from the second
mixing and coagulation part 120 in order to maintain dif-
ferent turbulence speeds between the first mixing and coagu-
lation part 110 and the second mixing and coagulation part
120. The first mixing and coagulation part 110 generates

Nov. 10, 2016

rapid-speed turbulence and the second mixing and coagu-
lation part 120 generates slow-speed turbulence to form and
grow up the flocs by coagulating the particles contained in
the raw water. There is no special limit in speed of the
rapid-speed turbulence or slow-speed turbulence and the
difference in speed of turbulences is caused by a relative
difference in turbulence intensity inside the mixing and
coagulation basin.

[0082] Therefore, in the nonpowered mixing and coagu-
lation basin according to the present disclosure, the first
mixing and coagulation part 110 is disposed above the
second mixing and coagulation part 120, so that the raw
water put in the first mixing and coagulation part generates
rapid-speed turbulence while passing the first turbulent
derivatives 111 to first form flocs. After that, the raw water
goes through the pores of the separation membrane 130 by
gravity, and grows up the flocs formed in the first mixing and
coagulation part due to slow-speed turbulence formed while
passing the stages 120a, 1205 and 120c¢ filled with the
second turbulent derivatives 121 of the second mixing and
coagulation part.

[0083] FIG. 6 is a mimetic diagram showing a dissolved
air floatation apparatus having a nonpowered mixing and
coagulation basin according to a further exemplary embodi-
ment of the present disclosure. The dissolved air flotation
(DAF) apparatus includes a mixing and coagulation basin
for coagulating foreign matters when coagulant is put in raw
water and a floatation basin 200B for floating and removing
flocs when microbubbles are injected to the raw water. The
nonpowered mixing and coagulation basin includes: a first
mixing and coagulation part 110 which is filled with first
turbulence derivatives 111 to generate high speed turbulence
to form flocs in the raw water; and a second mixing and
coagulation part 120 which is filled with second turbulence
derivatives 121 to generate turbulence slower than the
turbulence of the first mixing and coagulation part 110 so as
to grow the flocs in the raw water passing the first mixing
and coagulation part 110. The nonpowered mixing and
coagulation basin 100 is disposed at the front end of the
floatation basin 200B.

[0084] Moreover, in order to sufficiently grow the flocs in
the raw water passing through the mixing and coagulation
basin according to conditions of the raw water, the dissolved
air floatation apparatus may further include: an additional
coagulation basin 150 which has an agitator 160 mounted
between the mixing and coagulation basin 100 and the
floatation basin 200B; and a bypass channel 140 to directly
transfer the flocs from the first mixing and coagulation part
110 to the additional coagulation basin 150.

[0085] The first mixing and coagulation part 110 is dis-
posed above the second mixing and coagulation part 120, so
that the raw water put in the first mixing and coagulation part
110 passes the second mixing and coagulation part 120 by
gravity.

[0086] The dissolved air floatation apparatus having the
nonpowered mixing and coagulation basin according to the
present disclosure can control the number of the stages 120a,
1205 and 120c¢ of the second mixing and coagulation part
120 or control the flow through the bypass channel 140 and
the agitator 160 according to the conditions of the raw water
requiring water treatment. In more detail, in a case that the
additional coagulation basin 150 is needed in order to
increase coagulation efficiency of the flocs, the agitator 160
included in the additional coagulation basin is operated, and
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then, a first flow to direct the floatation basin 200B through
the second mixing and coagulation part 120 and the addi-
tional coagulation basin 150 from the first mixing and
coagulation part 110 and a second flow to direct the floata-
tion basin 200B through the bypass channel 140 and the
additional coagulation basin 150 from the first mixing and
coagulation part 110 are selectively controlled. In a case that
the additional coagulation basin 150 is not needed, the
agitator 160 is stopped, and then, a third flow to direct the
floatation basin 200B through the second mixing and coagu-
lation part 120 from the first mixing and coagulation part 110
and a fourth flow to direct the floatation basin 200B through
the bypass channel 140 from the first mixing and coagula-
tion part 110 are selectively controlled.

[0087] Therefore, the flow of the treated water can be
selectively controlled into the first flow to the fourth flow
according to conditions of the raw water, temporary prob-
lems and situations, so that operating costs can be reduced.

[0088] Hereinafter, the embodiment of the present disclo-
sure will be described. However, it is not to be restricted by
the embodiment but only by the appended claims. It is to be
appreciated that those skilled in the art can change or modify
the embodiment in various ways without departing from the
scope and spirit of the present disclosure.

Embodiment 1

[0089] In order to confirm usefulness of the nonpowered
mixing and coagulation basin according to the present
disclosure, the treated waters discharged before and after the
nonpowered mixing and coagulation basin is installed at the
front end of the floatation basin of the dissolved air floatation
apparatus were measured in turbidity and total suspended
solids (TSS).

[0090] The dissolved air floatation apparatus was operated
under the conditions that loading rate was 30 m/n, recycle
ratio was 10% and pressure was 5 bar.

TABLE 1
Before After
installation installation

Turbidity Raw water 10.3 10.3
(NTU) Treated water 4.06 3
TSS Raw water 18.8 18.8
(Total Suspended Solids) Treated water 4 2.8
(mg/L)
[0091] As seen from table 1, turbidity of the treated water

after installation of the nonpowered mixing and coagulation
basin was reduced by 1.06 NTU and TSS was reduced by 1.2
mg/L. compared with that before installation.

[0092] Therefore, when the nonpowered mixing and
coagulation basin was installed at the front end of the
floatation basin of the dissolved air floatation apparatus, the
particles contained in the raw water were coagulated and
removed more effectively.

[0093] Further, the embodiments discussed have been
presented by way of example only and not limitation. Thus,
the breadth and scope of the disclosure should not be limited
by any of the above-described exemplary embodiments, but
should be defined only in accordance with the following
claims and their equivalents. Moreover, the above advan-
tages and features are provided in described embodiments,
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but shall not limit the application of the claims to processes
and structures accomplishing any or all of the above advan-
tages.

[0094] Additionally, the section headings herein are pro-
vided for consistency with the suggestions under 37 CFR
1.77 or otherwise to provide organizational cues. These
headings shall not limit or characterize the invention(s) set
out in any claims that may issue from this disclosure.
Specifically and by way of example, although the headings
refer to a “Technical Field,” the claims should not be limited
by the language chosen under this heading to describe the
so-called technical field. Further, a description of a technol-
ogy in the “Background” is not to be construed as an
admission that technology is prior art to any invention(s) in
this disclosure. Neither is the “Summary” to be considered
as a characterization of the invention(s) set forth in the
claims found herein. Furthermore, any reference in this
disclosure to “invention” in the singular should not be used
to argue that there is only a single point of novelty claimed
in this disclosure. Multiple inventions may be set forth
according to the limitations of the multiple claims associated
with this disclosure, and the claims accordingly define the
invention(s), and their equivalents, that are protected
thereby. In all instances, the scope of the claims shall be
considered on their own merits in light of the specification,
but should not be constrained by the headings set forth
herein.

What is claimed is:

1. A media filter including a mixing and coagulation basin
configured to coagulate particles to form flocs and to grow
the flocs when a coagulant is put in raw water, and a plurality
of filter basins configured to filter and remove the flocs
contained in the raw water using media filling the inside of
the filter basin,

wherein the mixing and coagulation basin comprises:

a first mixing and coagulation part which is filled with first
turbulence derivatives to generate turbulence to form
flocs in the raw water; and

a second mixing and coagulation part which is filled with
second turbulence derivatives to generate turbulence
slower than the turbulence of the first mixing and
coagulation part so as to additionally grow the flocs in
the raw water passing from the first mixing and coagu-
lation part, and

wherein the mixing and coagulation basin is disposed
inside a supply channel through which the raw water is
transferred to the filter basins.

2. The media filter according to claim 1, wherein the
supply channel comprises: an inflow channel through which
the raw water to be treated flows in from the outside; and a
distribution channel which supplies the raw water to the
plurality of the filter basins.

3. The media filter according to claim 2, wherein the
inflow channel comprises: a first partition which is mounted
at right angles to a bottom of the inflow channel and at a
position spaced apart from the bottom of the inflow channel
at a predetermined interval to partition an inner space of the
inflow channel into a plurality of inner spaces, the inner
spaces of the inflow channel partitioned by the first partition
being respectively filled with the first turbulence derivatives,
and the raw water passes the first turbulence derivatives in
the downstream direction and passes the first turbulence
derivatives in the upstream direction to be transferred to the
distribution channel.
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4. The media filter according to claim 2, wherein the
second mixing and coagulation part is disposed inside the
distribution channel, and the second turbulence derivatives
fill the inner spaces of the distribution channel side by side
in the downstream direction.

5. The media filter according to claim 4, wherein the
distribution channel comprises:

a main flow path having the second mixing and coagu-
lation part, and a bypass flow path disposed in parallel
with the main flow path;

a second partition for partitioning the main flow path from
the bypass flow path; and

at least one sluice disposed on the second partition in
order to transfer the treated water flown into the main
flow path to the bypass flow path.

6. The media filter according to claim 1, wherein a
plurality of stages which are filled with the second turbulent
derivatives are spaced apart from each other and arranged
side by side in series.

7. The media filter according to claim 6, wherein the
stages are disposed to get smaller in packing density of the
pall ring type materials toward the downstream side.

8. The media filter according to claim 1, wherein the
filtration basin is a dual media filtration (DMF).

9. A nonpowered mixing and coagulation basin which
coagulates coagulant injected into raw water and particles
inside the raw water to form and grow flocs, comprising:

a first mixing and coagulation part which is filled with first
turbulence derivatives to generate turbulence to first
form flocs in the raw water; and

a second mixing and coagulation part which is filled with
second turbulence derivatives to generate turbulence
slower than the turbulence of the first mixing and
coagulation part so as to additionally grow the flocs in
the raw water passing from the first mixing and coagu-
lation part.

10. The nonpowered mixing and coagulation basin

according to claim 9, further comprising:

a porous separation membrane that partitions the first
mixing and coagulation part from the second mixing
and coagulation part in order to maintain different
turbulence intensities between the first mixing and
coagulation part and the second mixing and coagulation
part.

11. The nonpowered mixing and coagulation basin
according to claim 9, wherein the first mixing and coagu-
lation part is disposed above the second mixing and coagu-
lation part so that the raw water passing the first mixing and
coagulation part is supplied to the second mixing and
coagulation part by gravity.

12. The nonpowered mixing and coagulation basin
according to claim 9, wherein the first turbulence derivatives

Nov. 10, 2016

are mesh-type materials which are stacked manifold or a
plurality of fiber aggregates which get tangled together.

13. The nonpowered mixing and coagulation basin
according to claim 9, wherein the second turbulence deriva-
tives are a plurality of pall ring type materials.

14. The nonpowered mixing and coagulation basin
according to claim 13, wherein the second mixing and
coagulation part has a plurality of stages which are filled
with a plurality of the pall ring type materials and are spaced
apart from each other.

15. The nonpowered mixing and coagulation basin
according to claim 14, wherein the stages are disposed to
decrease in packing density of the pall ring type materials
toward the downstream side.

16. A dissolved air floatation (DAF) apparatus which
includes a mixing and coagulation basin for coagulating
flocs when coagulant is put in raw water and a floatation
basin for floating and removing flocs when microbubbles are
injected to the raw water, the DAF apparatus comprising:

a first mixing and coagulation part which is filled with first
turbulence derivatives to generate turbulence to form
flocs in the raw water; and

a second mixing and coagulation part which is filled with
second turbulence derivatives to generate turbulence
slower than the turbulence of the first mixing and
coagulation part so as to grow the flocs in the raw water
passing the first mixing and coagulation part.

17. The DAF apparatus according to claim 16, further

comprising:

an additional coagulation basin having an agitator
mounted between the mixing and coagulation basin and
the floatation basin.

18. The DAF apparatus according to claim 16, further

comprising:

a bypass channel disposed below the first mixing and
coagulation part to transfer treated water passing the
first mixing and coagulation part to a rear end without
passing through the second mixing and coagulation
part.

19. The DAF apparatus according to claim 16, wherein
the first mixing and coagulation part is disposed above the
second mixing and coagulation part so that the raw water
passing the first mixing and coagulation part is supplied to
the second mixing and coagulation part by gravity.

20. The DAF apparatus according to claim 16, wherein
the first turbulence derivatives are mesh-type materials
which are stacked manifold or a plurality of fiber aggregates
which get tangled together, and the second turbulence
derivatives are a plurality of pall ring type materials.
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