1 Water Treatment Apparatus and A Method For Cleaning A Filter Layer
of A Water Treatment Apparatus Title of the Invention Water treatment
apparatus and a method for cleaning a filter layer of a water treatment
apparatus Technical Field This invention relates to a water treatment
apparatus and, more particularly, to a water treatment apparatus which
can oxidize iron, manganese and other substances dissolved in water
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This invention relates to a water treatment apparatus and, more
particularly, to a water treatment apparatus which can oxidize iron,
manganese and other substances dissolved in water such as underground
water to turn them into substances which are insoluble in water with a
simple and compact apparatus and without using a chemical such as an
oxidizing agent or a coagulant. The invention relates also to a method for

cleaning a filter layer of such water treatment apparatus.

Background art

Underground water is utilized as raw water for tap water and also
utilized in industries which require a large quantity of water such as food,
soft drink, beverage, dyestuff industries and also in public baths. In these
industries, iron and manganese contents contained in underground water
have raised a problem. While iron and manganese are substances which
are necessary for a human body, contents of these substances exceeding a
certain amount give a metal taste to water and turn water to red or black

water, thereby making the water unsuitable for drinking and causing



2 various difficulties in these industries. Further, in a foundation work in
building industry, it is indispensable to remove underground water from a
foundation site before the foundation work starts. If a large quantity of iron
and manganese is contained in the underground water, the iron and
manganese must be removed from the underground water before the
underground water is discharged to the sewerage because it is legally
prohibited to discharge such underground water the sewerage without any |
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after the treatment for oxidizing iron and manganese, 3

treatment.

In a currently prevailing conventional water treatment device for
removing iron or manganese, an oxidizing agent such, for example, as
sodium hypochlorite or a flocculant such, for example, as poly-aluminum
chloride (PAC) is added to raw water to oxidize iron or manganese which is
dissolved in the raw water and thereby convert it to iron oxide or manganese
oxide which is insoluble in water and the iron oxide or manganese oxide is

filtered out by filtering the raw water through filtering sand.

In the conventional water treatment device requiring addition of an
oxidizing agent or a flocculant, however, a relatively large amount of
oxidizing agent or flocculant is consumed in the device and, therefore, the

cost of such oxidizing agent or flocculant is tremendous.

Further, since hypochlorous acid which is used as the oxidizing agent

remains in water after the treatment for oxidizing iron and manganese,



trihalomethane which is a carcinogen is generated and, for removing
trihalomethane, the water must further be filtered through an activated
carbon layer which adds to the cost of the water treatment. If provision of
such activated carbon layer is omitted for economic reason, water after
filtering must be constantly analyzed for preventing generation of
trihalomethane caused by addition of an excessive amount of oxidizing
agent and, if necessary, the amount of addition of the oxidizjng agent
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the cost of purchasing the oxidizing agent.

Further, the conventional water treatment device generally is a
complex and large-scale system including an aeration tank, a flocculation
tank, a precipitation tank, a sand filter tower, an iron and manganese
removing tower and a chemical agent tank and this system requires a large
space for installation. It is impossible to install such a large device in a site

of a limited space such in a town.

Furthermore, filtering sand which is used in this water treatment
device requiring addition of an oxidizing agent is blocked by accumulated
impurities and therefore must be replaced from time to time. The used
sand to be abandoned must be treated as industrial waste because it
contains a chemical agent and a place where it can be abandoned 1is

extremely restricted by laws and regulations.



apparatus using a chemical and providing a water treatment apparatus

which can oxidize iron, manganese and other elements dissolved in water
such as underground water to make them insoluble in water with a simple
and compact device and without using a chemical such as an oxidizing

agent or a coagulant, Japanese Patent Application Laid-open Publication
No. 2002-126768 discloses a water4reatment apparatus in which raw

water is jetted out by jet ngzzles in which ajr is introduced through an air
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treatment apparatuses including one disclosed in the above described
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out of the raw water jetting outlet and is struck against the water surface
above the filter layer disposed below the raw water jetting outlet thereby
causing vehement aeration both in the water above the filter layer and on
the surface of the filter layer. By virtue of this aeration, soluble substances
such as iron and manganese contained in the water are oxidized and thereby
are turned to insoluble substances which form flocks or precipitate and are
caught on the surfaces of particles of the filter material such as filtering sand
which constitutes the filter layer. Accordingly, dissolved substances such as

iron and manganese in raw water can be turned to insoluble substances and

filtered out with a simple and compact apparatus.

In the prior art water treatment apparatuses including one disclosed in
the above described publication, iron which is made insoluble and deposited
in the form of a film on the filter material tends to be removed excessively in

the lower portion of the filter layer and removed insufficiently in the upper



portion of the filter layer when the filter layer is cleaned with cleaning
water. As to removal of iron and manganese, iron is turned to the state of
film by oxidation in the upper portion of the filter layer whereas
manganese is caught on the surface of the particle of the filter layer by
the action of microorganism in the lower portion of the filter layer as will
be described later. If, in a case whePe concentration of iron in raw water is
significantly larger than concentration of manganese, the filter layer as a

PORhHBI IR B RHRTTAR s  dPE RN SEERARS YO ReftRABSBiR ter:
caught in the ypper portion of the filter. layer, microorganism living in_t
AS@%?%H%LOEF&?@ i IRPEERR e hG M o WL m by
. and, as a result, catching of manganese in a subsequent water .
ox BB oDt T B cIbd BT helBis: ARG R i Bagancse is
aq\l/gmtagacl)us forfa wat r reatmept apgf?\rtzi\ltusfti)tincriease tf)lter' gs eced ¢
Ca%%r udit time bsélgaﬁ%%,%y oin asro,l(i e %size and s%racaélyr%rque(ﬁor %elon °

.apparatus will.be, reduced. Particularl age for establishin water .
migkiEs Rt e e appon of (R AT Ve WS dscribed

1atBPPAfAYS G20, 08 %ﬁ@?éi%%%‘ééﬁﬂ{%ﬁ%% &'i’b%§§§§ %@?@ﬁé@rgﬁﬁgﬁlﬁ‘i?nﬂy

water treatment apparatus cannot be esta , hecessary amount o

lar'@2 WRLATBIEIAG NIEFEGr Wity 3 small aRRArAts 165aPISed I R B8R ned

Space and, in this case, it is necessary to increase the filtering speed of
wiﬁﬁeaalﬁpéé%u%ﬁﬁ%?QI&Wi@WBW%Wi@'i?é‘ﬁ'EQJQEtf‘H?E!@Q upper
speed of the 6
portion of the filter layer, microorganism living in the lower portion of the
filter layer for catching manganese will be washed away and, as a result,

catching of manganese in a subsequent water treatment operation will be

obstructed.

On the other hand, it will be advantageous for a water treatment
apparatus to increase filtering speed per unit time because, by doing so, the
size and space required for the apparatus will be reduced. Particularly,
space for establishing a water treatment apparatus is limited because a
location at which such apparatus can be established is limited. In a case
where a large scale water treatment apparatus cannot be established,
necessary amount of raw water must be filtered with a small apparatus
established in a narrow space and, in this case, it is necessary to increase the

filtering speed of the apparatus.

An 1important factor necessary for increasing the filtering speed of the



water treatment apparatus is efficiency of cleaning of the filter layer of the
water treatment apparatus. In a water treatment apparatus, as a filter
operation is continued, the filter layer, particularly its surface portion, is
covered with flocks of oxides such as iron oxide and other substances as
time elapses and the filter function of the filter layer is reduced. In this
case, the filter operation must be suépended temporarily and cleaning of
the filter layer must be conducted.. Accordinlgly, unless cleaning of the
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reverse stream cleaning water is caused to flow 7
Accordingly, unless cleaning of the filter layer i1s conducted efficiently,

increase in the filtering speed cannot be achieved.

In the water treatment apparatus described in the above described
publication, the raw water supply tube is reciprocated in a plane parallel to
the surface of the filter layer and the blocked filter layer is released from the
blocked state by a jet water stream containing multitudes of air bubbles
which is jetted out of the raw water supply tube to recover the filter function.
Further, in this water treatment apparatus, a filter layer support made of a
plate screen is provided in the bottom of the filter layer made of a single
layer containing filtering sand and a reverse stream cleaning water supply
tube for reverse stream cleaning the filter layer with reverse stream cleaning
water is disposed below the filter layer support. When the upper portion of
the filter layer, particularly its upper surface, has been covered with flocks of
oxides and other substances, supply of raw water to the filtering tank is

temporarily suspended and reverse stream cleaning water is caused to flow



upwardly from the filter layer support to the entire filter layer to remove the
substances covering the upper portion of the filter layer and wash away
iron and manganese caught by the filter layer from an overflow outlet to
the outside. The filtering speed of this water treatment apparatus is 60
m/day to 130 m/day. In a case where it is necessary to increase the
filtering speed of filter operation, cleaning of the filter layer must also be
made more frequently and burden to treatment impgsed by
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Outalov'e described cleaning operation with the result that efficiency of water

treatment is significantly reduced. The above described prior art water
treatment apparatus has a mechanism for reciprocating the raw water
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cleaning the surface of the filter layer and a complex mechanism for
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apparatus requires much labor and
frequently and burden to treatment imposed by microorganism in the lower
portion of the filter layer also increases. Therefore, efficiency of cleaning of

the filter layer by this water treatment apparatus is limited to the above

described filtering speed and a higher filtering speed cannot be achieved.

The prior art water treatment apparatus including one described in the
above described publication must consume about 10% to 15% of received
water (filtered water) for the above described cleaning operation with the

result that efficiency of water treatment is significantly reduced.

The above described prior art water treatment apparatus has a
mechanism for reciprocating the raw water supply tube in a plane parallel to
the surface of the filter layer for cleaning the surface of the filter layer.
Since this mechanism must reciprocate the raw water supply tube with an
electric motor, a large power is required for cleaning the surface of the filter

layer and a complex mechanism for reciprocation of the raw water supply



cost for maintenance of the apparatus including compensation for wear of
rails for reciprocating the raw water supply tube and wear of a hose for
supplying raw water to the raw water supply tube. Furthermore, for
moving the raw water supply tube in which the cleaning nozzles are
disposed in a line, the filtering tank must have a rectangular configuration
with resulting increase in the size of®the apparatus. Thus, it is difficult to
make_a compact design of the apparatus even in case the apparatus
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is another object o invention to provide a watertreatment apparatus

resUVALNAR AL LDRIPYARE Litering aRliICERGY Y, Ledusing e FAURARLRIt to make

amount of cleaning water to the amount of received water (filtered water)
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established in a narrow space.

Further, in the prior art water treatment apparatus in which cleaning
of the filter layer is made by reciprocating the cleaning nozzles, the surface of
the filter layer other than areas where the cleaning nozzles pass over
remains uncleaned and hence it takes much time to complete cleaning of the
entire surface of the filter layer resulting in difficulty in achieving a high

speed cleaning of the filter layer.

It is, therefore, an object of the invention to provide a novel method for
cleaning a water treatment apparatus capable of filtering water at a higher
speed than the prior art water treatment apparatus and a water treatment

apparatus which enables application of such method.

It is another object of the invention to provide a water treatment

apparatus which has an improved filtering efficiency by reducing the ratio of



compact design and a method for cleaning this water treatment apparatus.
Summary of the Invention Studies and experiments made by the inventors
of the present invention for achieving the above objects of the invention
have resulted in the finding, which has led to the present invention, that,
in view of the fact that a major part of iron to be caught by a water
treatment apparatus settles in the uBper portion of the filter layer while a
major part of manganese settles in the lower portion_of the filrge_r layer and
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plurality of mixed raw water stream jet nozzles each communicating at
th%% major part of iron to be caught by a water treatment apparatus settles
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in the upper portion of the filter layer while a major part of manganese
settles in the lower portion of the filter layer and that concentrations of iron
and manganese in raw water are not equal but concentration of iron is
normally much higher than concentration of manganese, a cleaning effect of
removing iron in the upper portion of the filter layer can be remarkably
improved by cleaning the filter layer in such a manner that a swirl stream or
a random stream is formed in the water above the surface of the filter layer.
The inventors have also found that the cleaning effect can be remarkably
improved by removing iron by a partial cleaning process and removing
manganese by a whole cleaning process whereby a high speed filtering which
has not been achieved in the prior art water treatment apparatus can be

realized and the amount of cleaning water can be significantly saved.

For achieving the above described objects of the invention, in the first

aspect of the invention, there is provided a method for cleaning a filter layer



end thereof with the raw water supply tube and having at the other end
thereof a raw water outlet from which mixed stream of raw water and air is
jetted out, a filtering tank housing a filter layer disposed below the mixed
raw water stream jet nozzle or nozzles with a predetermined distance
between the surface of the filter layer and the raw water outlet of the
mixed raw water stream jet nozzle ofhozzles, a filtered water takeout
tube provided in the filtering tank for taking out water filtered through the
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filter layer cleaning jet nozzles. According to the invention, since the filter
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water above the surface of the filter
provided in the filtering tank for taking out water filtered through the filter

layer, a reverse stream cleaning water supply tube provided in the filtering
tank for supplying reverse stream cleaning water to the filter layer, a
plurality of filter layer cleaning jet nozzles each communicating at one end
thereof with a filter layer cleaning water supply tube and having at the other
end thereof a cleaning water outlet from which cleaning water is jetted out,
said filter layer cleaning jet nozzles being disposed at a predetermined
interval above the filter layer in such a manner that the cleaning water
outlets are located in the vicinity of the surface of the filter layer, and an
overflow outlet provided in the filtering tank above the filter layer,

characterized in that the filter layer is cleaned by forming a swirl stream or a
random stream in the water above the surface of the filter layer by the
cleaning water jetted from the cleaning water outlets of the filter layer

cleaning jet nozzles.

According to the invention, since the filter layer is cleaned by forming a



layer by the cleaning water jetted from the cleaning water outlets of the

filter layer cleaning jet nozzles, the filter material of the filter layer is

vigorously stirred by this swirl stream or a random stream. Therefore,

while this swirl stream or a random stream is generated, the filter material

of the filter layer is stirred and cleaned without interruption whereby the

cleaning efficiency per unit time is significantly improved and a high

speed filtering can be achieved compared with the prior art water i
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filter layer. According to this aspect, by jetting out a jet water stream Tfrom
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portion of the 12 filter layer to form holes in the filter layer, the filter
recRHALRE e &eMMtahozzle type by which the filter material is stirred only

when the cleaning nozzles pass over the filter material. Further, since this
method does not require a large power and a complex mechanism as in the
prior art water treatment apparatus of the reciprocating cleaning nozzle type,
the manufacturing cost of the apparatus can be saved and the filtering tank
can be made in a circular design as viewed in a plan view and, therefore, a
water treatment apparatus of a simple, compact design which can be

maintained easily can be provided.

In the second aspect of the invention, there is provided a method as
defined in the first aspect further comprising a step of jetting out a jet water
stream from a part of the filter layer cleaning jet nozzles directed to a central

lower portion of the filter layer to form holes in the filter layer.

According to this aspect, by jetting out a jet water stream from a part of

the filter layer cleaning jet nozzles directed to a central lower portion of the



lower portion of the filter layer which may not be completely stirred by the
swirl stream or random stream can be loosened by forming of the holes by
the jet stream and become easily movable and stirred. In the third aspect
of the invention, there is provided a method as defined in the first or
second aspect for cleaning a filter layer of a water treatment apparatus
comprising a raw water supply tube, Bhe or a plurality of mixed raw water
stream jet ngzzles each communicating at one end thereof with the raw

filtgr day st g atme bashdvithe e e davsreRedidtepraataiatabt bugeptral
from which mjxed siream of raw water and air js jetted out, a filtering tank

low iSRRI Qi rfﬁa@ﬁ%%?@@&%%ﬁ%%i%@awmﬁﬁﬁ%&mﬁ@d%y the
nQzzle or nozzles with a predetermined.distance between.the face qf

S TSP 1y BF ARBIRE 500 CAHEaF B8 PRGN Ak AN O SHRA RGeS by
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smaller specific gravity and a larger particle diameter than a filter material
of said lower layer, a filtered water takeout tube provided in the filtering
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cleaning water supply tube provided in t tering tank for supplying
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cleaning jet nozzles each communicating at one end thereof with an upper

tre@MakREARINg-WARIS SRR S AR haRg AL IBE 19REL ENGHRR el Qurality

cleaning water outlet from which cleaning water is jetted out, said upper
of IBixed raw water stream jet nozzles each communicating at one end

thereof with the raw water supply tube and having at the other end thereof a
raw water outlet from which mixed stream of raw water and air is jetted out,
a filtering tank housing a filter layer disposed below the mixed raw water
stream jet nozzle or nozzles with a predetermined distance between the
surface of the filter layer and the raw water outlet of the mixed raw water
stream jet nozzle or nozzles, said filter layer consisting of an upper layer and
a lower layer and said upper layer comprising a filter material which has a
smaller specific gravity and a larger particle diameter than a filter material
of said lower layer, a filtered water takeout tube provided in the filtering
tank for taking out water filtered through the filter layer, a reverse stream
cleaning water supply tube provided in the filtering tank for supplying
reverse stream cleaning water to the filter layer, a plurality of upper layer
cleaning jet nozzles each communicating at one end thereof with an upper
layer cleaning water supply tube and having at the other end thereof a

cleaning water outlet from which cleaning water is jetted out, said upper



layer cleaning jet nozzles being disposed at a predetermined interval
above the upper layer of the filter layer in such a manner that the cleaning
water outlets are located in the vicinity of the surface of the upper layer,
and an overflow outlet provided in the filtering tank above the filter layer,
characterized in that the filter layer is cleaned by selectively carrying out a
partial cleaning process by which th 3ipper layer is mainly cleaned and a
whole cleaning process hy which both the upper layer and the lower layer
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upper layer cleaning speed; and (d) a turbid water draining step o

cledtRiningLtukid water containing

said partial cleaning process comprises:

(a) a filter operation interrupting step of suspending supply of raw
water while continuing a filter operation to lower the water level of the
filtering tank to a predetermined level:

(b) an upper layer cleaning step of causing reverse stream cleaning
water to flow from the reverse stream cleaning water supply tube at an
upper layer cleaning speed to loosen the filter material of the upper layer by
the upward directed reverse stream while jetting out the cleaning water
from the cleaning water outlets of the upper layer cleaning jet nozzles to stir
and clean the filter material of the upper layer;

(c) a settling step of finishing stirring and cleaning of the filter material
of the upper layer and thereby allowing the stirred filter material to settle
while continuing supply of the upward directed reverse stream at the upper
layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing

substances separated from the filter material of the upper layer from the



substances separated from the filter material of the upper layer from the

14 overflow outlet by continuing supply of the upward directed reverse

stream at the upper layer cleaning speed, and said whole cleaning

process comprises: (a) a filter operation interrupting step of suspending

supply of raw water while continuing a filter operation to lower the water

level of the filtering tank to a predetérimined level; (b) a cleaning step of

causing reverse stream cleaning water, to stream from the reverse stream
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igher than the upper layer cleaning speed to stir the filter material of
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(c) asettling step of finishing,cleaning of the filter material.of the upper
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ances separated from the filter material of the upper layer and the
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directed reverse stream at the upper layer cleaning speed. According to
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speed which is higher than the upper layer cleaning speed to stir the filter
material of both the upper layer and the lower layer while jetting out the
cleaning water from the cleaning water outlets of the upper layer cleaning jet
nozzles to clean the filter material of the upper layer and the lower layer;

(c) a settling step of finishing cleaning of the filter material of the upper
layer and the lower layer and thereby allowing the filter material of the
upper layer and the lower layer to settle while continuing supply of the
upward directed reverse stream at the upper layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing
substances separated from the filter material of the upper layer and the
lower layer from the overflow outlet by continuing supply of the upward

directed reverse stream at the upper layer cleaning speed.

According to this aspect, the filter layer consists of an upper layer and a
lower layer and the process of the first aspect is carried out in the upper

layer which has a filter material having a smaller specific gravity and a



lower layer and the process of the first aspect is carried out in the upper
layer which has a filter material having a smaller specific gravity and a 15
larger particle diameter than the lower layer. Iron which has a high
concentration and is caught in the upper layer can be removed by
frequently carrying out the partial cleaning process of the upper layer
which is a combination of cleaning by the upper layer cleaning jet nozzles
and cleaning by the upward reverse stream of a relatively moderate .
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in the lower layer. can be remaved with iron by carrying out the whole
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frequency smaller than.the frequency of the parial cleaning process. ., .
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necessary high speed filtering can be achieved. According to
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the water treatment apparatus of the above publication, a remarkably
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high concentration and tends to be accumulated in a large amount in the
upper layer can be sufficiently removed by the frequent partial cleaning
process while manganese which has a low concentration and tends to be
accumulated in a small amount in the lower layer can be sufficiently
removed by less frequent whole cleaning process. Thus, the activity of the
microorganism in the lower layer is not likely to be hindered by a frequent
cleaning and the highest cleaning effect can be achieved through the entire
filter layer and a necessary high speed filtering can be achieved. According
to the invention, as compared to the filtering speed of 60 m/day to 120 m/day
of the water treatment apparatus of the above publication, a remarkably
higher filtering speed of 400 m/day can be achieved. Further, it is not
necessary to frequently carry out the whole cleaning process which requires
a large amount of reverse cleaning water for removing iron and, as a result,
the amount of water used for cleaning can be saved as a whole. In the prior

art apparatus using an oxidizing agent or flocculant, about 10% to 15% of



necessary to frequently carry out the whole cleaning process which
requires a large amount of reverse cleaning water for removing iron and,
as a result, the amount of water used for cleaning can be saved as a
whole. In the prior art apparatus using an oxidizing agent or flocculant,
about 10% to 15% of 16 filtered water was used for cleaning whereas in
the apparatus of the present inventidf, the amount of cleaning water can
be reduced to about 3% to 5% of received water. Further, according to
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.__consists of a filter material which has a relatively small specific gravity _
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lifted upwardly during cleaning of the upper layer whereby the cleaning

recgff‘é%ﬁg’ﬂ%reased and the amount of cleaning water used for cleaning
can be held at the minimum. On the other hand, since the lower layer
consists of a filter material which has a relatively large specific gravity and

a relatively small particle diameter (fine), it has,a high capacity of, catchin
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ter material of the upper layer an iiter materi e lower
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layer "has a’larger specific gravity than the filter material of the upper
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e filter material of the upper layer and settles at the lower layer before

cleth@fiebffect is increased and the amount of cleaning water used for
cleaning can be held at the minimum. On the other hand, since the lower
layer consists of a filter material which has a relatively large specific gravity
and a relatively small particle diameter (fine), it has a high capacity of
catching substances in raw water and can accurately catch substances which
the upper layer has failed to catch. In the whole cleaning process, both the
filter material of the upper layer and the filter material of the lower layer are
stirred and mixed together but, since the filter material of the lower layer
has a larger specific gravity than the filter material of the upper layer, the
filter material of the lower layer has a higher settling speed than the filter
material of the upper layer and settles at the lower layer before the filter
material of the upper layer settles and then the filter material of the upper
layer settles upon the filter material of the lower layer. Thus, the original
state of the upper layer and the lower layer is restored. By combining the

filter material of the upper layer which has a high cleaning capacity and the

filter material of the lower layer which has a high microorganism treatment



material of the upper layer settles and then the filter material of the upper
layer settles upon the filter material of the lower layer. Thus, the original
state of the upper layer and the lower layer is restored. By combining the
filter material of the upper layer which has a high cleaning capacity and
the filter material of the lower layer which has a high microorganism
treatment 17 capacity, iron, mangan€se and other substances (impurities)
contained in raw water can be caught sufficiently \ghile the highest
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interrupting step,,a _step of jetting out a jet water stream from a part of the
Sml%%%rrl%%}g% g egrﬁ ﬁ%ﬁjﬁ%%i?%{;&dﬁlgcfgg %eaagéﬁ?yﬁ ower portion of the
upper layer to form holes in the upper layer. According to this aspect,

after lowering the water level of the filtering tank to a level of a lower
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out a jet water stream from a part of the upper layer cleaning jet nozzles
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upper layer, the central portion of the upper layer
comprises, after lowering the water level of the filtering tank to a level of a

lower portion of the upper layer in the filter operation interrupting step, a
step of jetting out a jet water stream from a part of the upper layer cleaning
jet nozzles directed to a central lower portion of the upper layer to form holes

in the upper layer.

According to this aspect, after lowering the water level of the filtering
tank to a level of a lower portion of the upper layer in the filter operation
interrupting step, by jetting out a jet water stream from a part of the upper
layer cleaning jet nozzles directed to a central lower portion of the upper
layer to form holes in the upper layer, the central portion of the upper layer
which may not be stirred sufficiently by the swirl stream or random stream
can be loosened by the hole formed by the jet stream and become readily
movable whereby this portion will be sufficiently stirred and cleaned by the
subsequent stirring which is a combination of the swirl stream or random

stream and the upward reverse stream.



which may not be stirred sufficiently by the swirl stream or random stream
can be loosened by the hole formed by the jet stream and become readily
movable whereby this portion will be sufficiently stirred and cleaned by the
subsequent stirring which is a combination of the swirl stream or random
stream and the upward reverse stream. 18 In the fifth aspect of the
invention, there is provided a method&s defined in the third or fourth
aspect for cleaning a filter layer of a water treatment apparatus further
comprising a posterior stage filtering tank provided downstream of the

filtered water takeout tube, as viewed in the direction of takipng. out filtered
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reverse stream cleaning water supply tube for supplying reverse stream
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end thereof a Cleaning water outlet from which cleaning water Is jette
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predetermined interval above the posterior filter layer in such

filtered water outlet or outlets communicating with the filtered water
takeout tube and opening in an upper portion of the posterior stage filtering
tank, a filtered water takeout tube for taking out water filtered through the
posterior filter layer, a reverse stream cleaning water supply tube for
supplying reverse stream cleaning water to the posterior filter layer, a
plurality of posterior filter layer cleaning jet nozzles each communicating at
one end thereof with a posterior filter layer cleaning water supply tube and
having at the other end thereof a cleaning water outlet from which cleaning
water is jetted out, said posterior filter layer cleaning jet nozzles being
disposed at a predetermined interval above the posterior filter layer in such
a manner that the cleaning water outlets are located in the vicinity of the
surface of the posterior filter layer, and an overflow outlet provided in the
posterior filtering tank above the posterior filter layer,

wherein

said partial cleaning process comprises:

(a) a filter operation interrupting step of suspending supply of raw



a manner that the cleaning water outlets are located in the vicinity of the
surface of the posterior filter layer, and an overflow outlet provided in the
posterior filtering tank above the posterior filter layer, wherein said partial
cleaning process comprises: (a) a filter operation interrupting step of
suspending supply of raw 19 water while continuing a filter operation to
lower the water level of the filtering f¢hk and the posterior filtering tank to

a predetermined level: (b) an upper layer cleaning step of causing reverse
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supp at an_ upper layer ¢leaning speed to loosen the filter material
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c) a,settling step of finishing stirring and gleaning of the filter material of
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and clean the filter material of the upper layer;

(c) a settling step of finishing stirring and cleaning of the filter material
of the upper layer and thereby allowing the stirred filter material to settle
while continuing supply of the upward directed reverse stream at the upper
layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing
materials separated from the filter material of the upper layer from the
overflow outlet by continuing supply of the upward directed reverse stream
at the upper layer cleaning speed, and

said whole cleaning process comprises:

(a) a filter operation interrupting step of suspending supply of raw
water while continuing a filter operation to lower the water level of the
filtering tank and the posterior filtering tank to a predetermined level;

(b) a cleaning step of causing reverse stream cleaning water to flow
from the respective reverse stream cleaning water supply tubes of the
filtering tank and the posterior filtering tank at a whole layer cleaning speed

which is higher than the upper layer cleaning speed to stir the filter material



said whole cleaning process comprises: (a) a filter operation interrupting

step of suspending supply of raw water while continuing a filter operation

to lower the water level of the filtering tank and the posterior filtering tank

to a predetermined level; (b) a cleaning step of causing reverse stream

cleaning water to flow from the respective reverse stream cleaning water

supply tubes of the filtering tank andéhe posterior filtering tank at a whole

layer cleaning speed which is higher than the upper layer cleaning speed .
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draining tur er containing “substances separated filter
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from the respective overflow outlet of the filtering tank and the posterior
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layer to settle while continuing supply of the upward directed reverse stream
at the upper layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing
substances separated from the filter material of the upper layer, the lower
layer and the posterior filter layer from the respective overflow outlet of the
filtering tank and the posterior filtering tank by continuing supply of the

upward directed reverse stream at the upper layer cleaning speed.

According to this aspect, in a case where concentration of manganese is
so high that the filter material of the lower layer cannot catch manganese
sufficiently, reverse stream water is caused to flow from the reverse stream
cleaning water supply tube of the filtering tank and the reverse stream
cleaning water tube of the posterior stage filtering tank at the whole
cleaning speed which is higher than the upper layer cleaning speed to stir
the filter materials of the upper layer, lower layer and filter layer of the

posterior stage filtering tank while jetting out cleaning water from the



upward directed reverse stream at the upper layer cleaning speed.
According to this aspect, in a case where concentration of manganese is
so high that the filter material of the lower layer cannot catch manganese
sufficiently, reverse stream water is caused to flow from the reverse
stream cleaning water supply tube of the filtering tank and the reverse
stream cleaning water tube of the p8sterior stage filtering tank at the
whole cleaning speed which is higher than the upper layer cleaning
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layer of the posterior stage filtering tank while jetting out cleaning water,
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aspects further comprising a step of measuring resistance value of the
filtering tank during a normal filter operation and automatically starting the
partial cleaning process when the resistance value has exceeded a
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value of the filtering” tank during a normal filter operation and
deRHIRMANCAlY RN 16 Re iR ARG OGRS UICORR FES ISR tep of
value has exceeded a predetermined
measuring resistance value of the filtering tank during a normal filter

operation and automatically starting the partial cleaning process when the

resistance value has exceeded a predetermined value.

According to this aspect, by measuring resistance value of the filtering
tank during a normal filter operation and automatically starting the partial
cleaning process when the resistance value has exceeded a predetermined
value, when blocking of the filter material has occurred in the upper layer to
a degree at which cleaning is necessary, the partial cleaning can be
automatically started whereby the partial cleaning process can be carried
out more efficiently than in a case where the partial cleaning process is

carried out according to a preset schedule.

In the seventh aspect of the invention, there is provided a method as
defined in any of the third to fifth aspects further comprising a step of

measuring resistance value of the filtering tank during a normal filter



value, when blocking of the filter material has occurred in the upper layer
to a degree at which cleaning is necessary, the partial cleaning can be
automatically started whereby the partial cleaning process can be carried
out more efficiently than in a case where the partial cleaning process is
carried out according to a preset schedule. In the seventh aspect of the
invention, there is provided a metho@d#s defined in any of the third to fifth
aspects further comprising a step of measuring resistance value of the
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cleaning process when the resistance value has reached a
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._cleaning process till a fime point at which the. resistance value of the .

Ay i Vo Lo TR R SH Aol e Rk ekt tpich the

reipdetermined petipd offime, aytomaticalistarina he whele.cleaning 1.
process. According to his asp%cﬁlby measuring fesistaRteVafué ot the

be&%&%%é‘qeéé%g%”‘% 3de %"ﬂf‘}li‘}'l'éﬁf aﬁ&ﬁ%%“of‘t%%%,sé%fé"}Hg{%a‘iﬂ“&'anmg the
cleaning process when the resistance value has’reached a

wh%'i%%%%rm}%egr\()%léj Sand, when time elapsed from finishing of the partial
cleaning prdcess till a time point at which the resistance value of the

filtering tank has reached the predetermined value becomes less than a
predetermined period of time, automatically starting the whole cleaning
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tank during a normal filter operation and starting the partial cleaning
process when the resistance value has reached a predetermined value and,
when time elapsed from finishing of the partial cleaning process till a time
point at which the resistance value of the filtering tank has reached the
predetermined value becomes less than a predetermined period of time,
automatically starting the whole cleaning process, the whole cleaning
process can be started automatically and the filter layer can be maintained

always in a desirable state by only measuring resistance value of the

filtering tank.

In the eighth aspect of the invention, there is provided a water
treatment apparatus comprising a raw water supply tube, one or a plurality
of mixed raw water stream jet nozzles each communicating at one end
thereof with the raw water supply tube and having at the other end thereof a
raw water outlet from which mixed stream of raw water and air is jetted out,

a filtering tank housing a filter layer disposed below the mixed raw water



always in a desirable state by only measuring resistance value of the
filtering tank. In the eighth aspect of the invention, there is provided a
water treatment apparatus comprising a raw water supply tube, one or a
plurality of mixed raw water stream jet nozzles each communicating at
one end thereof with the raw water supply tube and having at the other
end thereof a raw water outlet from Which mixed stream of raw water and
air is jetted out, a filtering tank housing a filter layer disposed below the
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dd%éanc Ht%etﬁ?en iwe surface of the filter layer and the raw water outlet of
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predétermined Interval above the filter layer with the cleaning water

a fﬁ%ﬁ%&@ﬂ%@é&ﬁ%@%ﬁﬁ@ﬁ éﬁ‘ﬂﬁlty Qisbeind having at the other end thereof

a cleaning water outlet from which cleaning water is jetted out, and an
overflow outlet provided in the filtering tank above the filter layer,
characterized in that

said filtering tank is substantially circular in a plan view and said filter
layer cleaning jet nozzles are disposed at a predetermined interval above the
filter layer with the cleaning water outlets being located in the vicinity of the
surface of the filter layer in such a manner that a swirl stream or a random
stream 1s formed in the water above the surface of the filter layer by the
cleaning water jetted from the cleaning water outlets of the filter layer

cleaning jet nozzles.

According to this aspect, there can be provided a water treatment
apparatus which can perform the advantageous result of the method of the

first aspect.



surface of the filter layer in such a manner that a swirl stream or a random
stream is formed in the water above the surface of the filter layer by the
cleaning water jetted from the cleaning water outlets of the filter layer
cleaning jet nozzles. According to this aspect, there can be provided a
water treatment apparatus which can perform the advantageous result of
the method of the first aspect. 24 Iréthe ninth aspect of the invention,
there is provided a water treatment apparatus as defined in the @éigfﬂ?th

aspBctiifieftif theiRiaydr ERariNtRERBzZIESH e Spdhiifitthe? Water
fllterlng tank obliquely rdly from nner surface of the filteri
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above the filter layer with the cleaning water outlets located in the

and opens at the other end thereof in the filter layer cleaning jet nozzle at a

location upstream of the cleaning water outlet.

According to this aspect, a desired swirl stream or random stream can

be formed efficiently with a simple mechanism.

In the tenth aspect of the invention, there is provided a water
treatment apparatus as defined in the eighth or ninth aspect wherein a part
of the filter layer cleaning jet nozzles are disposed at a predetermined
interval above the filter layer with the cleaning water outlets located in the
vicinity of the surface of the filter layer and directed to a central lower
portion of the filter layer in a manner to jet out a jet water stream to form

holes in the filter layer.

According to this aspect, the process of the second aspect can be

achieved efficiently with a simple mechanism.



vicinity of the surface of the filter layer and directed to a central lower
portion of the filter layer in a manner to jet out a jet water stream to form
holes in the filter layer. According to this aspect, the process of the second
aspect can be achieved efficiently with a simple mechanism. 25 In the
eleventh aspect of the invention, there is provided a water treatment
apparatus as defined in any of the eifhth to tenth aspects further
comprising means for supplying additional dissolved oxygen to the filter

laytt AR OPGHENRSREPE AL viREN AN ISy cChtfEtdsamkABifse 2 water
nitrogen in a high concentration, by supplying .addijtional dissolved oxyge
e TR EP T EO e S AT e AT SR P Farther
additional dissolved oxygen and thereby r ved.from the raw water. Ir)..
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apparatus as defined in any of the eighth to eleventh aspects comprising

layée%.aw water supply tube, one or a plurality of mixed raw water stream jet

nozzles each communicating at one end thereof with the raw water
supply tube and having at the other end thereof a raw water outlet from
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housing a filter layer os€d below the mixed raw water stream jet
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the filter layer and the raw watér outlet of the mixed raw water stream jet
lay'ég’,z%i?eaimmoniac nitrogen can be oxidized with this additional dissolved

oxygen and thereby removed from the raw water.

In the twelfth aspect of the invention, there is provided a water
treatment apparatus as defined in any of the eighth to eleventh aspects
comprising a raw water supply tube, one or a plurality of mixed raw water
stream jet nozzles each communicating at one end thereof with the raw
water supply tube and having at the other end thereof a raw water outlet
from which mixed stream of raw water and air is jetted out, a filtering tank
housing a filter layer disposed below the mixed raw water stream jet nozzle
or nozzles with a predetermined distance between the surface of the filter
layer and the raw water outlet of the mixed raw water stream jet nozzle or
nozzles, said filter layer consisting of an upper layer and a lower layer and
said upper layer comprising a filter material which has a smaller specific
gravity and a larger particle diameter than a filter material of said lower
layer, a filtered water takeout tube provided in the filtering tank for taking

out water filtered through the filter layer, a reverse stream cleaning water



nozzles, said filter layer consisting of an upper layer and a lower layer and
said upper layer comprising a filter material which has a smaller specific
gravity and a larger particle diameter than a filter material of said lower
layer, a filtered water takeout tube provided in the filtering tank for taking
out water filtered through the filter layer, a reverse stream cleaning water
26 supply tube provided in the filterid@ tank for supplying reverse stream
cleaning water to the filter layer, a plurality of upper layer. cleaning jet

SUby [B4Re T eIt At BitsHEnendank der wittP BN peiquskse stream

cleaning water supply tube and having.at the other end thereof a cleaning .
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trqugh provided in the filtering tank ahaye the filter layer. According tq this.
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\%%;er and housing a
posterior ayer cémprising a filter material Which is the same material

as the filter material of the lower layer, said posterior stage filtering tank
comprising a filtered water outlet or outlets communicating with the

filteteeopaies takeeHiduRgRRe OReRRtIN AYARBHLPOLIRILPLLINE RPRIEHCtan
perform the advantageous result of the method of the third aspect can be

provided.

In the thirteenth aspect of the invention, there is provided a water
treatment apparatus as defined in the twelfth aspect further comprising a
posterior stage filtering tank provided downstream of the filtered water
takeout tube as viewed in the direction of taking out filtered water and
housing a posterior filter layer comprising a filter material which is the same
material as the filter material of the lower layer, said posterior stage filtering
tank comprising a filtered water outlet or outlets communicating with the
filtered water takeout tube and opening in an upper portion of the posterior
stage filtering tank, a filtered water takeout tube for taking out water
filtered through the posterior filter layer, a reverse stream cleaning water
supply tube for supplying reverse stream cleaning water to the posterior
filter layer, a plurality of posterior filter layer cleaning jet nozzles each

communicating at one end thereof with a posterior filter layer cleaning water



stage filtering tank, a filtered water takeout tube for taking out water
filtered through the posterior filter layer, a reverse stream cleaning water
supply tube for supplying reverse stream cleaning water to the posterior
filter layer, a plurality of posterior filter layer cleaning jet nozzles each
communicating at one end thereof with a posterior filter layer cleaning
water 27 supply tube and having at #{e other end thereof a cleaning water
outlet from whjch cleaning water is jetted out, said posterior filter layer

supplyinBsenAdRIe s ainthgighBesa At A preeplierAnednseroLrasptistigom
pasterior filter layer in such a manner that the cleaning water outlets are .
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the filtering tank and each of the water collecting and distributing pipes

consists of an outer cylindrical screen and an inner perforated pipe, said
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formed in the axial direction of the inner perforated pipe on both sides
ad{Befeeous result of the method of the fifth aspect can be provided.

In the fourteenth aspect of the invention, there is provided a water
treatment apparatus as defined in any of the eighth to thirteenth aspects
wherein the filtered water takeout tube and the reverse stream cleaning
water supply tube respectively consist of a plurality of water collecting and
distributing pipes disposed in parallel in a bottom portion of the filtering
tank and each of the water collecting and distributing pipes consists of an
outer cylindrical screen and an inner perforated pipe, said inner perforated
pipe having water collecting and distributing holes formed in the axial

direction of the inner perforated pipe on both sides thereof.

According to this aspect, by providing in the bottom portion of the
filtering tank water collecting and distributing pipes each consisting of a
cylindrical screen and an inner perforated tube, even in a case where

concentration of manganese in raw water is high, manganese is deposited



According to this aspect, by providing in the bottom portion of the filtering
tank water collecting and distributing pipes each consisting of a cylindrical
screen and an inner perforated tube, even in a case where concentration
of manganese in raw water is high, manganese is deposited 28 only on
the surface of the cylindrical screen of the water collecting and

distributing pipe and, therefore, the &flindrical screen only may be taken
out of the filtering tank and cleaned far removing the deposited

onfy LRSS W18 diRSnG B hotSREBoMiolR6s thlierfidettime and
. can be finished with only a simple work. Brief Description of the Drawjngs
disfhEIRE A g BEAGIAER, G .Cﬁ@ﬁé&%ﬁ%ﬁ%%}yam% iR out
badiment of the wat eatment apparatus made acgcording {o the
of TR Elg. 515 SERe SR Hindhart GHVIRG JHGu L SRBCar A ese
whilEpalerlreatmant apparais mads acqopding fo e nvention, Fig. 85,4
a plan view shéwing arrangement of upper layer clearing jet nozzles; Fig.
ii%lis s%ctsilonqahglv%rdr\ﬂew showing arrangement of a water collecting and
St ting plge in a support gravel layer; Fig. 5 is a schematic plan view
showing another embodiment of the water treatment apparatus; 29

Brief Description of the Drawings

In the accompanying drawings,

Fig. 1 is a schematic diagram showing an embodiment of the water

treatment apparatus made according to the invention;

Fig. 2 1s a schematic diagram showing another embodiment of the

water treatment apparatus made according to the invention;

Fig. 3 is a plan view showing arrangement of upper layer cleaning jet

nozzles;

Fig. 4 i1s a sectional plan view showing arrangement of a water

collecting and distributing pipe in a support gravel layer;

Fig. 5 is a schematic plan view showing another embodiment of the

water treatment apparatus;



Fig. 6 is a vertical sectional view showing an operation of the embodiment
of Fig. 5; Fig. 7 is a schematic diagram showing another embodiment of
the water treatment apparatus; Figs. 8A and 8B are views showing an
example of water collecting and distributing pipe used in the water
treatment apparatus of Fig. 7 wherein Fig. 8A is a side view and Fig. 8B
is a plan view; Fig. 9 is a schematic dfhgram showing another
embodiment of the water treatment apparatus; Fig. 10 is a schematic
diagram showing another embodiment of the water treatment apparatus;
Fig. 11is a graph sh Wlng relatjonship b ween time and resistanc
vaI Sdiftersntal Brebsdre %%‘Fﬁ’é)n& of the fft ‘?‘ﬂ&’t%nﬁr?n qR&rad et
partlal i ning process is performed each time when a set period of
;}a escription of Preferred Embodiments 30 Preferred
embodlments of the invention will now be described with reference to the
accompanying drawings. The present invention can be applied not only to
ter eatment,a atu .comprising.twao filter layers of an ayer
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Figs. 8A and 8B are views showing an example of water collecting and
distributing pipe used in the water treatment apparatus of Fig. 7 wherein

Fig. 8A is a side view and Fig. 8B is a plan view;

Fig. 9 i1s a schematic diagram showing another embodiment of the

water treatment apparatus;

Fig. 10 is a schematic diagram showing another embodiment of the

water treatment apparatus; and

Fig. 11 1s a graph showing relationship between time and resistance
value (differential pressure value) Ap of the filtering tank in a case where the
partial cleaning process is performed each time when a set period of time has

elapsed.

Description of Preferred Embodiments




embodiment of a water treatment apparatus having two filter layers of an
upper layer and a lower layer. Fig. 1 is a diagram showing schematically

an embodiment of the water treatment apparatus of the invention. Fig. 2

is a diagram showing schematically another embodiment of the water
treatment apparatus. Fig. 3 is a plan view showing disposition of upper

layer cleaning jet nozzles used in thédembodiments of Figs. 1 and 2. In

Fig. 1, A water treatment apparatus 1 comprises, as main component .
e|gﬁi@rﬁ?gradfnf‘éﬂh@%ﬁﬁrstﬁ&fsﬂbealﬂrfsprag%er WLbRGSTiRe of SFF S With
ayer 2 and a lower layer 3, a raw water supply tube 6, mixed raw water

relehensh o s 2RO BB FEEM E8aning water supply tube 8, upper

layer cleaning jet nozzles 9, air inlet tubes 10, an overflow outlet 11 for
lowering the water level, an overflow outlet comprising a trough or hole 12

an water collectin d distriuting pipe,13 which is,used concurrent|
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supply 31 tube. The raw water supply tube 6 made of a steel tube for
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water supply pump is supplie aw w source
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supplies the raw water to the raw water supply tube 6 at a predetermined
emRHiSRESHof a water treatment apparatus having two filter layers of an

upper layer and a lower layer.

Fig. 1 is a diagram showing schematically an embodiment of the water
treatment apparatus of the invention. Fig. 2 is a diagram showing
schematically another embodiment of the water treatment apparatus. Fig.
3 1s a plan view showing disposition of upper layer cleaning jet nozzles used

in the embodiments of Figs. 1 and 2.

In Fig. 1, A water treatment apparatus 1 comprises, as main component
elements, a filtering tank 5 housing a filter layer 4 consisting of an upper
layer 2 and a lower layer 3, a raw water supply tube 6, mixed raw water
stream jet nozzles 7, an upper layer cleaning water supply tube 8, upper
layer cleaning jet nozzles 9, air inlet tubes 10, an overflow outlet 11 for
lowering the water level, an overflow outlet comprising a trough or hole 12
and a water collecting and distributing pipe 13 which is used concurrently as

a filtered water takeout tube and a reverse stream cleaning water supply



The raw water supply tube 6 is provided above the tope of the filtering
tank 5 in a plane parallel to the surface of the filter layer 4. One or a
plurality (two in the illustrated embodiment) of mixed raw water stream jet
nozzles 7 are provided in a manner to branch off vertically from the raw
water supply tube 6. The upstream end portion 7a of each jet nozzle 7 is
fitted in the raw water supply tube 6 fd communicate with the raw water
supply tube 6 and the downstream end portion 7b constitutes a raw water
tubfytiet from which the raw water is jetted out. A preferable inner diameter
of the mixed raw water stream jet nozzle 7 is, for example, within a range
from about 3 mm to 6 mm. In the mixed raw water stream jet nozzles 7,
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distance between the surface of the upper layer 2 and the raw water
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The raw water supply tube 6 is provided above the tope of the filtering

tank 5 in a plane parallel to the surface of the filter layer 4.

One or a plurality (two in the illustrated embodiment) of mixed raw
water stream jet nozzles 7 are provided in a manner to branch off vertically
from the raw water supply tube 6. The upstream end portion 7a of each jet
nozzle 7 is fitted in the raw water supply tube 6 to communicate with the
raw water supply tube 6 and the downstream end portion 7b constitutes a
raw water outlet from which the raw water is jetted out. A preferable inner
diameter of the mixed raw water stream jet nozzle 7 is, for example, within a

range from about 3 mm to 6 mm.

In the mixed raw water stream jet nozzles 7, the same number (two in
the illustrated embodiment) of air inlet tubes 15 are provided. The

upstream end portion of each air inlet tube 15 projects obliquely upwardly



layer 2 of the filter layer 4 should have a specific gravity which is smaller
than the specific gravity of the filter material filled in the lower layer 3 and
have a particle diameter which is larger than the particle diameter of the
filter material filled in the lower layer 3. It has been found that, as a filter
material of the upper layer satisfying these conditions, zeolite, for
example, is a preferable material antparticularly, zeolite having a particle
diameter  of about 1.2 mm is preferable. As a filter material of the lower

fropgy EhesatissthgaNe SR EOh AHISAL ARG RFEHNd FaViRE I BRNTAR diatiurp air
of aboyt 0.6 mm is preferable. The filter layer 4 performs the function of
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preferably made of a layer of gravel of a small diameter, a layer of
distance between the surface of the upper layer 2 and the raw water outlets

7b of the nozzles 7. It is necessary that the filter material filled in the upper
layer 2 of the filter layer 4 should have a specific gravity which is smaller
than the specific gravity of the filter material filled in the lower layer 3 and
have a particle diameter which is larger than the particle diameter of the
filter material filled in the lower layer 3. It has been found that, as a filter
material of the upper layer satisfying these conditions, zeolite, for example,
1s a preferable material and particularly, zeolite having a particle diameter
of about 1.2 mm is preferable. As a filter material of the lower layer
satisfying these conditions, filtering sand having a particle diameter of about
0.6 mm is preferable. The filter layer 4 performs the function of filtering
raw water by catching oxide flocks and other substances in raw water
supplied from the jet nozzles 7 as jet streams and also performs the
function of oxidizing and adsorbing iron and adsorbing manganese by the
action of microorganism such as iron bacteria which lives in the filter layer.

More specifically, iron is mainly adsorbed in the form of a film to the filter



gravel of a medium diameter and a layer of gravel of a large diameter
downwardly from the above but is not limited to this structure. In the
central portion of the gravel layer 17 of the filtering tank 5, a water
collecting and distributing pipe 13 is disposed in a parallel direction. In the
present embodiment, the water collecting and distributing pipe 13 is used
concurrently as a filtered water takedtdt tube for taking out water filtered
through the filter layer 4 and a reverse stream cleaning water su&ply tube |
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of &Brﬁﬂ?ﬂe[g?g _ interval between the respective jet nozzles 9 in
circumferential direction. Each of the upper layer cleaning jet nozzles 9 is
communicated at one end thereof with the upper layer cleaning water
supply tube 8 and has at the other end thereof a cleaning water outlet 9a
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located in the vicinity of the
17 is preferably made of a layer of gravel of a small diameter, a layer of

gravel of a medium diameter and a layer of gravel of a large diameter

downwardly from the above but is not limited to this structure.

In the central portion of the gravel layer 17 of the filtering tank 5, a
water collecting and distributing pipe 13 is disposed in a parallel direction.
In the present embodiment, the water collecting and distributing pipe 13 is
used concurrently as a filtered water takeout tube for taking out water
filtered through the filter layer 4 and a reverse stream cleaning water supply
tube for supplying reverse stream cleaning water to the filter layer 4. As
shown in Fig. 4, a plurality of brach tubes 14 are connected to the water
collecting and distributing pipe 13 in a manner to branch off from the pipe 13
in communication with the pipe 13 and extending in parallel to the pipe 13.
The structure of the filtered out takeout tube and the reverse stream
cleaning water supply tube is not limited to this but a filtered water takeout

tube and a reverse stream cleaning water may be provided separately from



surface of the upper layer 2 above the upper layer 2. As the upper layer
cleaning nozzles 9, it is possible to use nozzles used in the prior art water
treatment apparatus which extend vertically to the surface of the upper
layer 2 but it is preferable to use nozzles which are opened, as shown in
Fig. 3, in the filtering tank obliquely downwardly from the inner surface of
the filtering tank at a predetermined#ngle from the radial direction of the
filtering tank in a plane parallel to the surface of the upper layer 2. Each of
CaGRLtPPer layer cleaning jet nozzles 9 has a air inlet tube 10 which
communicates at one end thereof with an air supply tube 20 and opens at
the other end thereof in the upper layer cleaning jet nozzle 9 at a location

tream qf the cleaning water outlet 9a. Th d of the air inlet
D RO B CRRSASRSd IR AR5 e sttt SO AL e
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layer cleaning jet nozzles is not limited to a single stage as shown in the
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may be provided in plural stages in
jetted out. Each cleaning water outlet 9a is located in the vicinity of the

surface of the upper layer 2 above the upper layer 2. As the upper layer
cleaning nozzles 9, it is possible to use nozzles used in the prior art water
treatment apparatus which extend vertically to the surface of the upper
layer 2 but it is preferable to use nozzles which are opened, as shown in Fig.
3, in the filtering tank obliquely downwardly from the inner surface of the
filtering tank at a predetermined angle from the radial direction of the
filtering tank in a plane parallel to the surface of the upper layer 2. Each of
the upper layer cleaning jet nozzles 9 has a air inlet tube 10 which
communicates at one end thereof with an air supply tube 20 and opens at the
other end thereof in the upper layer cleaning jet nozzle 9 at a location
upstream of the cleaning water outlet 9a. The upper end of the air inlet
tube 10 may be communicated with atmosphere instead of communicating

with the air supply tube 20.

In the above described embodiment, the upper layer cleaning jet



vertical direction and a jet steam may be jetted out from the upper layer
cleaning jet nozzles at the lower stage into the inner portion of the upper
layer. For jetting out a jet stream from the jet nozzles 9, a pressure pump
may be used instead of the air inlet tube 10 to generate pressurized water
and supply this pressurized water to the jet nozzles 9. In a portion of the
filtering tank 5 above the surface of the upper layer 2, there is provided

the overflow outlet 11 such as an gverflow trough or hole for lowering the
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tank 5 above, the overflow outlet 11, there is rI%rovided an_overflow outlet
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vertical direction and a jet steam may be jetted out from the upper layer
cleaning jet nozzles at the lower stage into the inner portion of the upper
layer. For jetting out a jet stream from the jet nozzles 9, a pressure pump

may be used instead of the air inlet tube 10 to generate pressurized water

and supply this pressurized water to the jet nozzles 9.

In a portion of the filtering tank 5 above the surface of the upper layer 2,
there is provided the overflow outlet 11 such as an overflow trough or hole for
lowering the water level to be treated by the filter layer 4. In a portion of
the filtering tank 5 above the overflow outlet 11, there is provided an
overflow outlet 12 such as an overflow trough or hole 12 for draining overflow
water during reverse stream cleaning. For draining overflow water during
the reverse stream cleaning, not only a trough or hole but other shape of

outlet means may be used.

Description will now be made about the operation of the water



1 per minute to 11 per minute. By this structure, the jet stream turns air to
a multitudes of small air bubbles and the mixed raw water jet stream
containing a multitudes of air bubbles is jetted out of the raw water outlets
7b of the jet nozzles 7 onto the surface of the water above the upper layer
2 thereby causing a vehement aeration to occur on the surface of the
water and also in the water. By this &@ration, insoluble substances such
as iron are oxidized and become soluble and form flocks or precipitate.
treabraeittABPEsRINE QB&arces, iron is mainly caught on the surface of
particles of the filter material such as zeolite which forms the upper layer
2 whereas manganese is mainly caught on the surface of particles of the

filter material such as filtering sand which forms the_lo layer 3 b
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blocked, the water level of the water above the surface of the upper layer
intd the jet nozzles 7 through the air inlet tubes 15 at a flow speed of, e.g., 0.5

I per minute to 11 per minute. By this structure, the jet stream turns air to
a multitudes of small air bubbles and the mixed raw water jet stream
containing a multitudes of air bubbles is jetted out of the raw water outlets
b of the jet nozzles 7 onto the surface of the water above the upper layer 2
thereby causing a vehement aeration to occur on the surface of the water and
also in the water. By this aeration, insoluble substances such as iron are
oxidized and become soluble and form flocks or precipitate. Among the
soluble substances, iron is mainly caught on the surface of particles of the
filter material such as zeolite which forms the upper layer 2 whereas
manganese 1s mainly caught on the surface of particles of the filter material
such as filtering sand which forms the lower layer 3 by activity of the
microorganism. The raw water which has thus been filtered through the
filter layer 4 and removed of the insoluble substances and other foreign
matters is taken out of the water collecting and distributing pipe 13 which

functions as the filtered water takeout tube.



gradually raised. When the water level has reached a predetermined
value, either one of the partial cleaning process or the whole cleaning
process described below is selected and the selected cleaning process is
carried out. Partial cleaning process (1) A filter operation interruption step
is carried out by suspending supply of raw water while continuing a filter
operation until the water level is lowe¥ed to the vicinity of the surface of
the upper layer 2 or to a predetermined height of the upper layer 2 or the
water level is lowered by draining water by the overflow outlet 11. If,
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water supply tube at an upper layer cleaning speed (e. 0 m/h) to
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reverse stream while jetting out the cleaning water from the cleaning water
gradually raised. When the water level has reached a predetermined value,

either one of the partial cleaning process or the whole cleaning process

described below is selected and the selected cleaning process is carried out.

Partial cleaning process

(1) A filter operation interruption step is carried out by suspending supply of
raw water while continuing a filter operation until the water level is lowered
to the vicinity of the surface of the upper layer 2 or to a predetermined height
of the upper layer 2 or the water level is lowered by draining water by the
overflow outlet 11. If, during reverse stream cleaning, cleaning water from
the cleaning water outlets 9a of the upper layer cleaning nozzles 9 and
reverse stream cleaning water supplied from the reverse stream cleaning
water supply tube 13 overflow and flow out from the overflow outlet 12, the
filter material of the upper layer 2 also is likely to flow out of the overflow
outlet 12. For preventing such flow out of the filter material, it is necessary

to lower the water level above the surface of the upper layer 2 to as low a



outlets 9a of the upper layer cleaning jet nozzles 9 to clean the filter
material of the upper layer 2. At this time, an opening and closing valve
11a of the water level lowering overflow outlet 11 is closed. By supplying
the reverse stream cleaning water at the upper layer cleaning speed
which is a relatively low speed, the filter material of the upper layer 2
becomes movable easily and stirring&nd cleaning of the filter material by
the jet water jetted out of the upper layer cleaning jet nozzles 9 can
levilca RPBRIRISHAHEEE STHEHShER e 55 8 G SR8 hed before the
water level reaches the level of the overflow outlet 12. (3) After finishing
the stirring and cleaning of the filter material of the upper layer 2, a
ttlin for settling the filter material of th er 2 which. has
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operation until the water level is lowered to the vicinity of the surface of
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outlets 9a of the upper layer cleaning jet nozzles 9 to clean the filter material
of the upper layer 2. At this time, an opening and closing valve 11a of the
water level lowering overflow outlet 11 is closed. By supplying the reverse
stream cleaning water at the upper layer cleaning speed which is a relatively
low speed, the filter material of the upper layer 2 becomes movable easily
and stirring and cleaning of the filter material by the jet water jetted out of
the upper layer cleaning jet nozzles 9 can thereby be enhanced. The upper
layer cleaning step is finished before the water level reaches the level of the

overflow outlet 12.

(3) After finishing the stirring and cleaning of the filter material of the upper
layer 2, a settling step for settling the filter material of the upper layer 2

which has been stirred is carried out.

(4) A turbid water draining step is carried out by draining turbid water

containing iron caught mainly in the upper layer 2 from the overflow outlet



of the upper layer 2 or the water level is lowered by draining water by the
overflow outlet 11. (2) A cleaning step is carried out by causing reverse
stream cleaning water to flow from the water collecting and distributing
pipe 13 at a whole layer cleaning speed (e.g., 30 m/h to 60 m/h) which is
higher than the upper layer cleaning speed to stir the filter material of
both the upper layer 2 and the lowePfayer 3 while jetting out the cleaning
water from the cleaning water outlets 9a.of the upper layer cleaning jet
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material of the upper layer 2 and the lower layer 3 from the overflow
outlet 12 by continuing supply of the upward directed reverse stream at

wit Fe%%’:%fﬁ 1P%Ig ing speed. For determining which of the partial
cleaning process and the whole cleaning process should be selected,

frequency of the partial cleaning process and frequency of the whole
cleaning process are determined in accordance with the ratio of

(1)9&@8@5%@99&@{&{9&@&%&89&%%9% %ﬁm%ﬂ%gﬁf%@gpending supply of
raw water while continuing a filter operation until the water level is lowered
to the vicinity of the surface of the upper layer 2 or to a predetermined height
of the upper layer 2 or the water level is lowered by draining water by the
overflow outlet 11.

(2) A cleaning step is carried out by causing reverse stream cleaning water to
flow from the water collecting and distributing pipe 13 at a whole layer
cleaning speed (e.g., 30 m/h to 60 m/h) which is higher than the upper layer
cleaning speed to stir the filter material of both the upper layer 2 and the
lower layer 3 while jetting out the cleaning water from the cleaning water
outlets 9a of the upper layer cleaning jet nozzles 9 to clean the filter material
of the upper layer 2 and the lower layer 3.

(3) A settling step is carried out by finishing cleaning of the filter material of
the upper layer 2 and the lower layer 3 and thereby allowing the filter
material of the upper layer 2 and the lower layer 3 to settle while continuing
supply of the upward directed reverse stream at the upper layer cleaning

speed.



with the filtering speed and the partial cleaning process and the whole
cleaning process are conducted according to the respective frequency
thus determined. Fig. 2 is a diagram schematically showing another
embodiment of the water treatment apparatus made according to the
invention. In the embodiment of Fig. 2, the same component parts as
those used in the embodiment of Fig91 are designated by the same
reference characters and description thereqf will be omitted. In the, .
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operation is continued, the water level of the water above the upper layer
2 is gradually lowered. This water level is measured by the water level
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with the ratio of concentration of iron and concentration of manganese and
with the filtering speed and the partial cleaning process and the whole
cleaning process are conducted according to the respective frequency thus

determined.

Fig. 2 is a diagram schematically showing another embodiment of the
water treatment apparatus made according to the invention. In the
embodiment of Fig. 2, the same component parts as those used in the
embodiment of Fig. 1 are designated by the same reference characters and

description thereof will be omitted.

In the embodiment of Fig. 2, a pump 18 is connected to the water
collecting and distributing pipe 13 to suck and take out filtered water. In
the upper portion of the filtering tank 5, a water level meter 19 is provided

for measuring water level above the surface of the upper layer 2.



time may be set at a value which is somewhat smaller than the amount of
supply of raw water. When the water level has risen to a predetermined
level, supply of raw water is temporarily suspended until the water level is
lowered to a predetermined level. Upon lowering of the water level to this
level, supply of raw water is resumed and this operation is continued
repeatedly. Another embodiment of the water treatment apparatus and
cleaning method will be described with reference to Figs. 5 and 6. Fig.
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provided at an equal distance In the circumferential direction of the

to E\”SE'@M%%%{%%M@@&WQ%&@ %E%Q%P%@'%&&%%l to this level, the

pump 18 is operated again and the above operation is continued repeatedly.

Conversely, the amount of water to be treated by the pump 18 per unit
time may be set at a value which is somewhat smaller than the amount of
supply of raw water. When the water level has risen to a predetermined
level, supply of raw water is temporarily suspended until the water level is
lowered to a predetermined level. Upon lowering of the water level to this
level, supply of raw water is resumed and this operation is continued

repeatedly.

Another embodiment of the water treatment apparatus and cleaning
method will be described with reference to Figs. 5 and 6. Fig. 5 is a plan
view of this embodiment and Fig. 6 is a partial sectional view schematically
showing operation of center hole forming nozzles. In the embodiment of
Figs. 5 and 6, the same component parts as those of the embodiment of Figs.

1 and 2 are designated by the same reference characters and description



of the center hole forming nozzles 20 is communicated at one end thereof
with the upper layer cleaning water supply tube 8 and has, at the other
end thereof, a cleaning water outlet 20a from which cleaning water is
jetted out. The cleaning water outlet 20a is located in the vicinity of the
surface of the upper layer 2. The cleaning water outlet 20a of each center
hole forming nozzle 20 is opened, a$¢?shown in Fig. 6, in such a direction
that the water stream jetted out of the cleaning water outlet 20a will reach
thepeofarPagmatission of the upper layer 2. In this embodiment, when
the upper layer is cleaned, the water level of the filtering tank 5 is lowered
to the lower portion of the upper Iayer 2 and then, simultaneously with or
prr start 0 operatron he swirl_for nozzles 9, the operation .
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forming nozzles 9. By forming holes in the central portion of the upper
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loosened and becomes easily movable whereby it can
forming nozzles 20 which constitute the other part of the upper layer

cleaning jet nozzles are provided at an equal distance in the circumferential
direction of the filtering tank 5 between the swirl forming nozzles 9. Each
of the center hole forming nozzles 20 is communicated at one end thereof
with the upper layer cleaning water supply tube 8 and has, at the other end
thereof, a cleaning water outlet 20a from which cleaning water is jetted out.
The cleaning water outlet 20a is located in the vicinity of the surface of the
upper layer 2. The cleaning water outlet 20a of each center hole forming
nozzle 20 is opened, as shown in Fig. 6, in such a direction that the water
stream jetted out of the cleaning water outlet 20a will reach the central

lower portion of the upper layer 2.

In this embodiment, when the upper layer is cleaned, the water level of
the filtering tank 5 is lowered to the lower portion of the upper layer 2 and
then, simultaneously with or prior to start of the operation of the swirl

forming nozzles 9, the operation of the center hole forming nozzles 20 is



be stirred sufficiently by the swirl stream produced by the swirl forming

nozzles 9. According to this embodiment, since the upper layer cleaning

jet nozzles comprise the center hole forming nozzles 20 and the swirl

forming nozzles 9, by suitably combining the operation timing of these

two kinds of nozzles and starting timing and speed of the upwardly

directed reverse water stream, maxitium cleaning efficiency can be

achieved with_the shortest time apnd minimum amount of water. The type
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describ (1two types.but, E necessary, other type of nozzle such as a third
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peripheral portion and the central portion of the upper layer 2 may be
provided. In another embodiment of the invention, resistance value of the

filtexing tank 5 durin rmal filter operation is measured and en this
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when blocking has occurred in the upper layer of the filter layer to the

be %&%T)te@%tfter starting of the upwardly directed reverse water stream and

during the operation of the swirl forming nozzles 9. By forming holes in the

central portion of the upper layer 2, the filter material of the central portion

of the upper layer 2 is loosened and becomes easily movable whereby it can

be stirred sufficiently by the swirl stream produced by the swirl forming

nozzles 9.

According to this embodiment, since the upper layer cleaning jet
nozzles comprise the center hole forming nozzles 20 and the swirl forming
nozzles 9, by suitably combining the operation timing of these two kinds of
nozzles and starting timing and speed of the upwardly directed reverse
water stream, maximum cleaning efficiency can be achieved with the

shortest time and minimum amount of water.

The type of the upper layer cleaning jet nozzles is not limited to the
above described two types but, if necessary, other type of nozzle such as a

third nozzle for forming a hole in an intermediate portion between the



cleaning is necessary, the partial cleaning process is started automatically
and, accordingly, the partial cleaning process can be performed more
efficiently than in the case where the partial cleaning process is performed
according to a predetermined schedule. As another way of cleaning, the
partial cleaning process is performed when the resistance value of the
filtering tank 5 has reached a predetérmined value (it may be performed
automatically or the predetermined time may be measured from time to
PEHRRGEHAPORLPAR IS EETEM MAEHRKY Of thBSAtRFEIdaNfTy 2 Mmay be
process till a time point at which the resistance value of the filtering tank
pr%va‘gc‘?ésached a predetermined value becomes less than a predetermined
period of time, the whole cleaning 45 process is automatically started.
Fig. 11 is a graph which shows relationship between time and resistance

valye (diffoiential precsure value) ap o the flering Jank o, whichihe s 1,
horizontal’ axis shows time and vertical axis'Shows resistancé” value. The
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value
meter or, alternatively, when the water level measured by a water level

meter has reached a predetermined value, this water level may be regarded
to be a predetermined resistance value. By this arrangement, when
blocking has occurred in the upper layer of the filter layer to the extent that
cleaning is necessary, the partial cleaning process is started automatically
and, accordingly, the partial cleaning process can be performed more
efficiently than in the case where the partial cleaning process is performed

according to a predetermined schedule.

As another way of cleaning, the partial cleaning process is performed
when the resistance value of the filtering tank 5 has reached a
predetermined value (it may be performed automatically or the
predetermined time may be measured from time to time) and, when time
elapsed from finishing of the partial cleaning process till a time point at
which the resistance value of the filtering tank has reached a predetermined

value becomes less than a predetermined period of time, the whole cleaning



is tl, the resistance value drops to c by the initial partial cleaning process
Pl. Since, however, the resistance value does not drop to the initial value
a, time t2 which is elapsed till reaching of the resistance value to the
predetermined value b by next filter operation is shorter than tl. The
resistance value drops to e by the second partial cleaning process P2 but
this resistance value is higher than ¢5Time t3 which is elapsed till
reaching of the resistance value to the predetermined value b by next
Profiess dp ratIR L ISADMN S HARY2. Therefore, by performing the partial

cleaning process each tjme the . resjstance V'Tllueh .reaghed the
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resistance value Ap.to reach the predetermined ,valug b after each partial .
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invention for carrying out the method of the invention. This cleaning
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even in a case where the concentration of manganese in raw water is so
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resistance value at initial partial cleaning process P1 is the predetermined
value b and time elapsed till reaching of the predetermined resistance value
1s t1, the resistance value drops to ¢ by the initial partial cleaning process P1.
Since, however, the resistance value does not drop to the initial value a, time
t2 which 1s elapsed till reaching of the resistance value to the predetermined
value b by next filter operation is shorter than t1. The resistance value
drops to e by the second partial cleaning process P2 but this resistance value

1s higher than c¢. Time t3 which is elapsed till reaching of the resistance

value to the predetermined value b by next filter operation is shorter than t2.

Therefore, by performing the partial cleaning process each time the
resistance value has reached the predetermined value b, measuring time t1,
t2 and t3 elapsed for the resistance value Ap to reach the predetermined
value b after each partial cleaning process during normal filter operation,

and automatically starting the whole cleaning process when time t3 elapsed



1 or 2. In the apparatus of Fig. 7, the same component parts as those of

Fig. 1 are designated by the same reference characters and description

thereof will be omitted. In this water treatment apparatus 90, there is

provided, on the downstream side of the water collecting and distributing

pipe 13 of the apparatus of Fig. 1, a posterior stage filtering tank 35 which

houses a posterior filter layer 33 coréisting of the same filter material as

the filter material of the lower layer 3. The posterior stage filter tank 35
forcShforsels At réaWatdP RRABE ot A RLIRMIRGEAR Hhitt? tadter the

water coII.etEi g and distributi% e 13 functjoning as.the filtered water
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water to the pasterior filter layer 33, a plurality of posterior filter layer
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posterior filter layer cleaning water supply tube 28 and having at the other

end thereof a cleaning water outlet 19a from which cleaning water is
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at a predetermined interval above the posterior filter layer 33 in such a
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the surface of the posterior filter layer 33, and
method is one which can remove manganese in raw water sufficiently even in

a case where the concentration of manganese in raw water is so high that it
1s difficult to remove manganese sufficiently by the apparatus shown in Fig.
lor 2. Inthe apparatus of Fig. 7, the same component parts as those of Fig.
1 are designated by the same reference characters and description thereof

will be omitted.

In this water treatment apparatus 90, there is provided, on the
downstream side of the water collecting and distributing pipe 13 of the
apparatus of Fig. 1, a posterior stage filtering tank 35 which houses a
posterior filter layer 33 consisting of the same filter material as the filter
material of the lower layer 3. The posterior stage filter tank 35 comprises a
filtered water outlet or outlets 27 communicating with the water collecting
and distributing pipe 13 functioning as the filtered water takeout tube and
opening in an upper portion of the posterior stage filtering tank 35 above the

posterior stage filter layer 33, a water collecting and distributing pipe 43



an overflow outlet 12 consisting of an overflow trough or hole etc. provided
in the posterior filtering tank 35 above the posterior filter layer 33. Since
the structures of the filtered water outlets 27 and the posterior filter layer
cleaning jet nozzles 19 are the same as the mixed raw water stream jet
nozzles 7 and the upper layer cleaning jet nozzles 9, description thereof
will be omitted. The upper filter layef€leaning water supply tube 8 and the

posterior filter layer cleaning water supply tube 28 are branching from g
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0, the support gravel layer 17 used in the apparatus of Fig. 1 is not used
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the bottom portions of the Tower layer 3 of the filter layer 4
posterior filter layer 33 in such a manner that the cleaning water outlets 19a

are located in the vicinity of the surface of the posterior filter layer 33, and
an overflow outlet 12 consisting of an overflow trough or hole etc. provided in
the posterior filtering tank 35 above the posterior filter layer 33. Since the
structures of the filtered water outlets 27 and the posterior filter layer
cleaning jet nozzles 19 are the same as the mixed raw water stream jet
nozzles 7 and the upper layer cleaning jet nozzles 9, description thereof will
be omitted. The upper filter layer cleaning water supply tube 8 and the
posterior filter layer cleaning water supply tube 28 are branching from a
common cleaning water supply tube 34 and an opening and closing valve 36
1s provided in the posterior stage cleaning water supply tube 28. The water
collecting and distributing pipes 13 and 43 are connected to a reverse water
stream cleaning water supply tube 47 and opening and closing valves 48 and
55 are provided in the reverse stream cleaning water supply tube 47. A
filtered water delivering tube 49 is connected to the water collecting and

distributing pipe 43 and an opening and closing valve 50 is provided in the



and the posterior filter layer 33. A preferred example of the water
collecting and distributing pipe 13 used suitably for a filtering tank in
which the support gravel layer is not used is shown in the sectional side
view of Fig. 8A and the plan view of Fig. 8B. The illustrated example
shows the water collecting and distributing pipe 13 but the water
collecting and distributing pipe 33 is #% the same construction. In this
example, a plurality. of the water collecting and _distributing pipes 13 are

filtgrachueien fahyirdipehabsotFonth 8t A BR RS Histidhusigpipe
filtering tank 5. Each of the pipes 13 consists of a cylindrical screen 70,
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33which a helical wire is wound about support rods disposed a
predetermined interval in the circumferential direction. In Fig. 8A, the

cylindrical screen 70 is shown with its part being removed. The inner
perforated pipe 72 is connected to the cylindrical screen 70 by means of
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main pipe 76 by means of a flange portion 80. Ih the apparatus 1
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high, manganese accumulates and forms a
are provided in the bottom portions of the lower layer 3 of the filter layer 4

and the posterior filter layer 33.

A preferred example of the water collecting and distributing pipe 13
used suitably for a filtering tank in which the support gravel layer is not
used is shown in the sectional side view of Fig. 8A and the plan view of Fig.
8B. The illustrated example shows the water collecting and distributing
pipe 13 but the water collecting and distributing pipe 33 is of the same
construction. In this example, a plurality of the water collecting and
distributing pipes 13 are disposed in parallel in the horizontal direction in
the bottom portion of the filtering tank 5. Each of the pipes 13 consists of a
cylindrical screen 70 which constitutes an outer cylinder and an inner
perforated pipe 72 disposed in the center of the cylindrical screen 70. The
inner perforated pipe 72 has water collecting and distributing holes 74
formed in the axial direction of the inner perforated pipe on both sides

thereof. As the cylindrical screen 70, a cylindrical screen of a known



film in the support gravel layer 17 and thereby blocks the support gravel
layer and water collecting and distributing pipe. In this case, gravels of the
support gravel layer 17 and the water collecting and distributing pipe
cannot be cleaned by the whole cleaning process and, therefore, the
entire support gravel layer 17 and the water collecting and distributing
pipe must be taken out of the filterirgPtank 5 for cleaning, which requires
a troublesome work. In the apparatus 60 of Fig. 7, by using no support
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3. Description will now be ‘made about operation of this water treatment
apparatus 60.

In the apparatus 1 of Fig. 1, in a case where the concentration of
manganese in raw water is very high, manganese accumulates and forms a
film in the support gravel layer 17 and thereby blocks the support gravel
layer and water collecting and distributing pipe. In this case, gravels of the
support gravel layer 17 and the water collecting and distributing pipe cannot
be cleaned by the whole cleaning process and, therefore, the entire support
gravel layer 17 and the water collecting and distributing pipe must be taken
out of the filtering tank 5 for cleaning, which requires a troublesome work.
In the apparatus 60 of Fig. 7, by using no support gravel layer and disposing
the water collecting and distributing pipes 13 and 43 consisting of the
cylindrical screens 70 and the inner perforated pipes 72 in the lower layer 3
of the filter layer 4 and the posterior filter layer 33, manganese accumulates
in a portion about the cylindrical screens 70 even if the concentration of
manganese 1s very high. In this case, the cylindrical screens 70 only are
detached from the inner perforated pipes 72 and taken out of the filtering

tank for cleaning and this can be advantageously done by a relatively simple



Partial cleaning process (1) A filter operation interrupting step is carried

out in which supply of raw water is suspended and the filter operation is

continued until the water level falls to a level in the vicinity of the surface

of the upper layer or to a predetermined height of the upper layer or,

alternatively, the water level is lowered by the overflow outlet 11 for

lowering the water level. At this timep&he valves 48 and 55 of the reverse

stream cleaning water supply tube 47 are closed and the valves 53 and
WORH: of the filtered water supply tubes 54 and 49 are opened. (2) An upper

layer cleaning step is carried out. In the state in which the valve 48 is

opened while the valve 55 of the reverse stream cleaning water supply

tub,i 47 rerpains losed and the valyes 53 and 50 of the filtered wate 511 :
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ing valve 1la of the water level lowering overflow outlet 11 is
closed. This upper layer cleaning step is finished before the water level
reaches the overflow outlet 12.

lo

Description will now be made about operation of this water

treatment apparatus 60.

Partial cleaning process

(1) A filter operation interrupting step is carried out in which supply of raw
water 1s suspended and the filter operation is continued until the water level
falls to a level in the vicinity of the surface of the upper layer or to a
predetermined height of the upper layer or, alternatively, the water level is
lowered by the overflow outlet 11 for lowering the water level. At this time,
the valves 48 and 55 of the reverse stream cleaning water supply tube 47 are
closed and the valves 53 and 50 of the filtered water supply tubes 54 and 49
are opened.

(2) An upper layer cleaning step is carried out. In the state in which the
valve 48 is opened while the valve 55 of the reverse stream cleaning water

supply tube 47 remains closed and the valves 53 and 50 of the filtered water



(3) After stirring and cleaning of the filter material of the upper layer is

finished, a settling step is carried out by causing the stirred filter material

of the upper layer 2 to settle to the original state. (4) A turbid water

draining step is carried out by draining turbid water containing iron

components caught mainly in the upper layer from the overflow outlet 12

by cleaning the filter materials of thedpper layer 2 and the lower layer 3

by supplying reverse stream cleaning water from the water collecting and .
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tube 28 are opened, reverse stream cleaning water is supplied fromt
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cleaning step is finished before the water level reaches the overflow outlet
12.

(3) After stirring and cleaning of the filter material of the upper layer is
finished, a settling step is carried out by causing the stirred filter material of
the upper layer 2 to settle to the original state.

(4) A turbid water draining step is carried out by draining turbid water
containing iron components caught mainly in the upper layer from the
overflow outlet 12 by cleaning the filter materials of the upper layer 2 and
the lower layer 3 by supplying reverse stream cleaning water from the water

collecting and distributing pipes 13 at the upper layer cleaning speed.

Whole cleaning process

(1) A filter operation interrupting step is carried out in which supply of raw
water 1s suspended and the filter operation is continued until the water level
falls to a level in the vicinity of the surfaces of the upper layer and the

posterior filter layer or to predetermined heights of the upper layer and the



cleaning speed (e.g., 30m/h to 60m/h) which is higher than the upper layer
cleaning speed to stir the filter material of the upper layer 2, the lower
layer 3 and the filter material of the posterior filter layer 33 by the upward
directed high speed stream and cleaning water is jetted out of the cleaning
water outlets 9a of the upper layer cleaning jet nozzles 9 and the cleaning
water outlets 19a of the posterior filté2layer cleaning jet nozzles 19 to stir
and.clean the upper layer, lower layer and posterior filter layer. (3) After
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selected, frequency of the partial cleaning process and frequency of the
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concentration of iron and concentration of manganese and wit
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process are conducted according to the respective frequency thus
from the water collecting and distributing pipes 13 and 43 at the whole

cleaning speed (e.g., 30m/h to 60m/h) which is higher than the upper layer
cleaning speed to stir the filter material of the upper layer 2, the lower layer
3 and the filter material of the posterior filter layer 33 by the upward
directed high speed stream and cleaning water is jetted out of the cleaning
water outlets 9a of the upper layer cleaning jet nozzles 9 and the cleaning
water outlets 19a of the posterior filter layer cleaning jet nozzles 19 to stir
and clean the upper layer, lower layer and posterior filter layer.

(3) After stirring and cleaning of the filter materials of the upper layer, lower
layer and posterior filter layer is finished, a settling step is carried out by
causing the stirred filter materials of the upper layer , lower layer and
posterior filter layer to settle to the original state.

(4) A turbid water draining step is carried out by draining turbid water
containing substances caught in the upper layer, lower layer and posterior
filter layer from the overflow outlet 12 by cleaning the filter materials of the

upper layer, lower layer and posterior filter layer by supplying reverse



determined. Figs. 9 and 10 are diagrams schematically showing other
embodiments of the invention. In a case where ammoniac nitrogen is
contained in a high concentration in raw water, it requires a large amount
of dissolved oxygen to catch and thereby remove ammoniac nitrogen. It
has been found that there is a case where it is difficult to catch and
remove ammoniac nitrogen sufficiery in the filter layer by only aeration
caused by the mixed raw water jet stream from the mixed raw water

streganilsahHYS Nl e Gt COSiInPRith8YeR SIERHS, TReLlase where raw

water contains ammonic nitrogen in a high concentration, it is preferable
to additionally supply dissolved oxygen to the filter layer to supplement
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air bubble generation device 93, a known device may be
cleaning process are conducted according to the respective frequency thus

determined.

Figs. 9 and 10 are diagrams schematically showing other embodiments

of the invention.

In a case where ammoniac nitrogen 1is contained in a high
concentration in raw water, it requires a large amount of dissolved oxygen to
catch and thereby remove ammoniac nitrogen. It has been found that there
is a case where it is difficult to catch and remove ammoniac nitrogen
sufficiently in the filter layer by only aeration caused by the mixed raw water

jet stream from the mixed raw water stream jet nozzles.

For coping with such situation, in a case where raw water contains
ammonic nitrogen in a high concentration, it is preferable to additionally
supply dissolved oxygen to the filter layer to supplement aeration by the

mixed raw water jet stream.



used. As the treated water intake tube 92 and the mixed stream supply
tube 91, a tube having the same structure as the water collecting and
distributing tubes 13 may be used. When the air bubble has a large
diameter, the air bubble tends to stay in the filter layer and form a closed
air space and this closed air space is undesirable because it reduces the
water treatment area of the filter layet and thereby reduces the filtering
efficiency. Since the fine air bubbles used in the present embodiment of
the invention have small buoyancy and therefore have a very slow

floating speed, these air bubples are carried away by increasing flow
SpediPbe e i ARy SAar RAdH N m&m&w&ﬂmﬁ@ eyesm to

the filter. layer whijle supplying dissolved oxygen tq.the filter | and are
the R o el o B D g it DG 14 gles having a
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water, pouring of fine air bubbles is a preferable method for additionally
supplying dissolved oxygen. The amount of fine air bubbles to be
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example for'achieving the same purpose as Fig. 9. A dissolved oxygen
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connected to the water collecting and distributing pipe 13 in a manner to
trefiiack fbfrersihernipe kR todakedn anarkofdraatedivelenandhe treated
water and fine air bubbles from a mixed stream supply tube 91 to the filter
layer. As the fine air bubble generation device 93, a known device may be
used. As the treated water intake tube 92 and the mixed stream supply
tube 91, a tube having the same structure as the water collecting and
distributing tubes 13 may be used. When the air bubble has a large
diameter, the air bubble tends to stay in the filter layer and form a closed air
space and this closed air space is undesirable because it reduces the water
treatment area of the filter layer and thereby reduces the filtering efficiency.
Since the fine air bubbles used in the present embodiment of the invention
have small buoyancy and therefore have a very slow floating speed, these air
bubbles are carried away by increasing flow speed of the treated water and
these air bubbles reach the lower layer of the filter layer while supplying
dissolved oxygen to the filter layer and are driven out of the water collecting
and distributing pipe 13 without producing a closed air space in the filter

layer. For this reason, in the present invention which is designed for a high



fine air bubble generation device 98 which takes in the treated water from
this tube 96 and supplies a mixed stream of the treated water and fine air
bubbles from a mixed stream supply tube 97 to the filter layer. The
structures of the treated water intake tube 96 and the mixed stream supply
tube 97 are the same as those of the device shown in Fig. 9. 56 Claims 1.
A method for cleaning a filter layer oPa water treatment apparatus
comprising a raw water supply tube, gne or a plurality of mixed raw water
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as E?l%kcfé’ﬂcé%l%i{‘&%ﬁ g\flager fiI(t)%r%c(i: thlrto%%h the filter layer, a reverse stream
cleaning water supply tube pI’OViHEJI he filtering tank for supplying
reverse stream cleaning water to the filter layer, a plurality of filter layer

cleaning jet nozzles each communicating at one end thereof with a filter

'ayﬁ‘ié‘.'Gl"t‘f‘é"ﬂ%v)’@%?ﬂé’lp%E&B%@%PMHQ\%Q‘%%tEQW?&PSSEBfa% Fig. 9.

cleaning water outlet from which cleaning wateris jetted out, said filter

A c!l?é@l@lﬁ?%%?%gri%ﬁ 0RzBISS RANG USR5 Akarsedeipmngditealke tube

above the fi ayerin
96 which is connected to the water collecting and distributing pipe 13 in a

manner to branch off from the pipe 13 to take in a part of treated water and a
fine air bubble generation device 98 which takes in the treated water from
this tube 96 and supplies a mixed stream of the treated water and fine air
bubbles from a mixed stream supply tube 97 to the filter layer. The
structures of the treated water intake tube 96 and the mixed stream supply

tube 97 are the same as those of the device shown in Fig. 9.



such a manner that the cleaning water outlets are located in the vicinity of
the surface of the filter layer, and an overflow outlet provided in the
filtering tank above the filter layer, characterized in that the filter layer is
cleaned by forming a swirl stream or a random stream in the water above
the surface of the filter layer by the cleaning water jetted from the
cleaning water outlets of the filter lay&t 57 cleaning jet nozzles. 2. A
method as defined in claim 1 further comprising a step of jetting out a jet
water stream from a part of the filter layer cleaning jet nozzles directed to
C18ngentral lower portion of the filter layer to form holes in the filter layer. 3.
A method as defined in claim 1 or 2 for cleaning a filter layer of a water
treatment apparatus comprising a raw water supply tube, one or a plurality

1. o mixeHJ@wvates siieamdelineszIps/eachr cammyBicaliBatR &Ne 8PParatus
thereof with the raw water supply tube and having at the other end thereof

cor@piavirysater Hutietitemswpily miked stieam SipRWANALEbARE RidiS-ieiedater
out, a filtering tank housing a filter layer disposed below the mixed raw

stro@ber) Sireany et nardhe @manzidsaviticady edaiesminet alistdingéth the raw
between the surface of the filter layer and the raw water outlet of the

wantiked pplywaiee stidainajehpoxizicher sdralesy daildilterf layeiwonsistingutlet
of an upper layer and a lower layer and said upper layer comprising a
frofitter melenakedistr bam afsmaller speciiiclgravity entbd ugea fdteciag tank
diameter than a filter material of said lower layer, a filtered water takeout
hougegpeofilded iasthe diltgrisgd below the mixed raw water stream jet nozzle
or nozzles with a predetermined distance between the surface of the filter
layer and the raw water outlet of the mixed raw water stream jet nozzle or
nozzles, a filtered water takeout tube provided in the filtering tank for
taking out water filtered through the filter layer, a reverse stream cleaning
water supply tube provided in the filtering tank for supplying reverse stream
cleaning water to the filter layer, a plurality of filter layer cleaning jet
nozzles each communicating at one end thereof with a filter layer cleaning
water supply tube and having at the other end thereof a cleaning water
outlet from which cleaning water is jetted out, said filter layer cleaning jet
nozzles being disposed at a predetermined interval above the filter layer in
such a manner that the cleaning water outlets are located in the vicinity of
the surface of the filter layer, and an overflow outlet provided in the filtering
tank above the filter layer,
characterized in that the filter layer is cleaned by forming a swirl stream or a

random stream in the water above the surface of the filter layer by the

cleaning water jetted from the cleaning water outlets of the filter layer



tank for taking out water filtered through the filter layer, a reverse stream

cleaning water supply tube provided in the filtering tank for supplying

reverse stream cleaning water to the filter layer, a plurality of upper layer

cleaning jet nozzles each communicating at one end thereof with an upper

layer cleaning water supply tube and having at the other end thereof a

cleaning water outlet from which cle&ding water is jetted out, said upper

58 layer cleanijng jet nozzles being disposed at a predetermined interval
cleapiRg et A& layer of the filter layer in such a manner that the cleaning

water outlets are located in the vicinity of the surface of the upper layer,

and an overflow outlet provided in the filtering tank above the filter layer,

haracterized,in.that the filter layer is cleaned by.selectively carrying out a .
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a predetermined level: (b) an upper layer cleaning step of causing reverse

stream cleaning water to flow from the reverse stream cleaning water

3. AUPRIVHURS &1 Ak IRPSh laMaLEIeaiyng fReaddni 0o ser e st matelidhater
of the upper layer by the upward directed reverse stream whilé jetting out
tre%féﬁ@@ﬁﬂ:ﬂﬁ@s comprising a raw water supply tube, one or a plurality
of mixed raw water stream jet nozzles each communicating at one end
thereof with the raw water supply tube and having at the other end thereof a
raw water outlet from which mixed stream of raw water and air is jetted out,
a filtering tank housing a filter layer disposed below the mixed raw water
stream jet nozzle or nozzles with a predetermined distance between the
surface of the filter layer and the raw water outlet of the mixed raw water
stream jet nozzle or nozzles, said filter layer consisting of an upper layer and
a lower layer and said upper layer comprising a filter material which has a
smaller specific gravity and a larger particle diameter than a filter material
of said lower layer, a filtered water takeout tube provided in the filtering
tank for taking out water filtered through the filter layer, a reverse stream
cleaning water supply tube provided in the filtering tank for supplying
reverse stream cleaning water to the filter layer, a plurality of upper layer
cleaning jet nozzles each communicating at one end thereof with an upper

layer cleaning water supply tube and having at the other end thereof a

cleaning water outlet from which cleaning water is jetted out, said upper



from the cleaning water outlets of the upper layer cleaning jet nozzles to
stir and clean the filter material of the upper layer; (c) a settling step of
finishing stirring and cleaning of the filter material of the upper layer and
thereby allowing the stirred filter material to settle while continuing supply
of the upward directed reverse stream at the upper layer cleaning speed;
and (d) a turbid water draining step &draining turbid water containing
substances separated fram the filter material of the upper layer from the
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said partial cleaning process comprises:

(a) a filter operation interrupting step of suspending supply of raw
water while continuing a filter operation to lower the water level of the
filtering tank to a predetermined level:

(b) an upper layer cleaning step of causing reverse stream cleaning
water to flow from the reverse stream cleaning water supply tube at an
upper layer cleaning speed to loosen the filter material of the upper layer by
the upward directed reverse stream while jetting out the cleaning water
from the cleaning water outlets of the upper layer cleaning jet nozzles to stir
and clean the filter material of the upper layer;

(c) a settling step of finishing stirring and cleaning of the filter material
of the upper layer and thereby allowing the stirred filter material to settle
while continuing supply of the upward directed reverse stream at the upper
layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing

substances separated from the filter material of the upper layer from the



upper layer and the lower layer to settle while continuing supply of the
upward directed reverse stream at the upper layer cleaning speed; and (d)
a turbid water draining step of draining turbid water containing
substances separated from the filter material of the upper layer and the
lower layer from the overflow outlet by continuing supply of the upward
directed reverse stream at the upperdfyer cleaning speed. 4. A method as
defined in claim 3 wherein said partial cleaning process further
OVEISHAPHSHEI R RABEHMY Bt SRR Qi TRt direaiRd 8V fdve Trgam
lower portion of gae upper layer in the filter operation interrupting 60 step,
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cleaniﬁﬂqgﬁt%iwoifles directed to a central lower portion of the upper layer
to 16t §i ‘?ﬁglﬁl&@?qg@@r.{:@%m@?ﬁbd as defined in claim 3 or 4 for

cleaning a filter layer of a water treatment apparatus further comprisin
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ousing a posterior stage filter Iayer comprising a filter material which is
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stage filtering tank comprising a filtered water outlet or outlets
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upper portion of the posterior stage filtering tank, a filtered water takeout
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reverse stream cleaning water supply tube for
speed which is higher than the upper layer cleaning speed to stir the filter

material of both the upper layer and the lower layer while jetting out the
cleaning water from the cleaning water outlets of the upper layer cleaning jet
nozzles to clean the filter material of the upper layer and the lower layer;

(c) a settling step of finishing cleaning of the filter material of the upper
layer and the lower layer and thereby allowing the filter material of the
upper layer and the lower layer to settle while continuing supply of the
upward directed reverse stream at the upper layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing
substances separated from the filter material of the upper layer and the
lower layer from the overflow outlet by continuing supply of the upward

directed reverse stream at the upper layer cleaning speed.

4. A method as defined in claim 3 wherein said partial cleaning process
further comprises, after lowering the water level of the filtering tank to a

level of a lower portion of the upper layer in the filter operation interrupting



supplying reverse stream cleaning water to the posterior filter layer, a
plurality of posterior filter layer cleaning jet nozzles each communicating at
one end thereof with a posterior filter layer cleaning water supply tube and
having at the other end thereof a cleaning water outlet from which
cleaning water is jetted out, said posterior filter layer cleaning jet nozzles
being disposed at a predetermined Ffterval above the posterior filter layer
in such a manner that the cleaning water outlets are located in the vicinity
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in the posterior filtering tank above the posterior filter layer, wherein g1
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f st fsuspC nding supply of raw water while continuing a filter operation

or, elﬁ@?@?fﬁe&%t%? eﬁl)%yfeﬂ‘le filtering tank and the posterior filtering tank

to a predetermined level: (b) an upper layer cleaning step of causing
reverse stream cleaning water to stream from the reverse stream
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upper eaning jet nozzles to stir a ter materia
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diri%eetleor taking out filtered water and housing a posterior stage filter
layer comprising a filter material which is the same material as the filter
material of the lower layer, said posterior stage filtering tank comprising a
filtered water outlet or outlets communicating with the filtered water
takeout tube and opening in an upper portion of the posterior stage filtering
tank, a filtered water takeout tube for taking out water filtered through the
posterior filter layer, a reverse stream cleaning water supply tube for
supplying reverse stream cleaning water to the posterior filter layer, a
plurality of posterior filter layer cleaning jet nozzles each communicating at
one end thereof with a posterior filter layer cleaning water supply tube and
having at the other end thereof a cleaning water outlet from which cleaning
water is jetted out, said posterior filter layer cleaning jet nozzles being
disposed at a predetermined interval above the posterior filter layer in such
a manner that the cleaning water outlets are located in the vicinity of the
surface of the posterior filter layer, and an overflow outlet provided in the
posterior filtering tank above the posterior filter layer,

wherein



while continuing supply of the upward directed reverse stream at the
upper layer cleaning speed; and (d) a turbid water draining step of
draining turbid water containing materials separated from the filter
material of the upper layer from the overflow outlet by continuing supply
of the upward directed reverse stream at the upper layer cleaning speed,
and said whole cleaning process corfprises: (a) a filter operation
interrupting step of suspending supply of raw water while continuing a

filtSPAPORTIRLEI SRR FHI QrgRs FAPBPEISER: filtering tank and the
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posterior filter layer; (c) a settling step of finishing tleaning of the filter

oA el e B ot e o
th@%%&rﬂoﬁtﬁggfe@tqreverse stream while jetting out the cleaning water
from the cleaning water outlets of the upper layer cleaning jet nozzles to stir
and clean the filter material of the upper layer;

(c) a settling step of finishing stirring and cleaning of the filter material
of the upper layer and thereby allowing the stirred filter material to settle
while continuing supply of the upward directed reverse stream at the upper
layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing
materials separated from the filter material of the upper layer from the
overflow outlet by continuing supply of the upward directed reverse stream
at the upper layer cleaning speed, and

said whole cleaning process comprises:

(a) a filter operation interrupting step of suspending supply of raw
water while continuing a filter operation to lower the water level of the
filtering tank and the posterior filtering tank to a predetermined level;

(b) a cleaning step of causing reverse stream cleaning water to flow

from the respective reverse stream cleaning water supply tubes of the



layer to settle while continuing supply of the upward directed reverse
stream at the upper layer cleaning speed; and (d) a turbid water draining
step of draining turbid water containing substances separated from the
filter material of the upper layer, the lower layer and the posterior filter
layer from the respective overflow outlet of the filtering tank and the
posterior filtering tank by continuing 8&pply of the upward directed
reverse stream at the upper layer cleaning speed. 6. A method as defined
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predetermined period of time, automatically starting the whole cleaning

po&r&%ﬁﬂ@ef‘l}ﬁfﬁ?’éﬁr treatment apparatus comprising a raw water supply
tube, one or a plurality of mixed raw water stream jet nozzles each
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having at the other end
layer, the lower layer and the posterior filter layer and thereby allowing the

filter material of the upper layer, the lower layer and the posterior filter
layer to settle while continuing supply of the upward directed reverse stream
at the upper layer cleaning speed; and

(d) a turbid water draining step of draining turbid water containing
substances separated from the filter material of the upper layer, the lower
layer and the posterior filter layer from the respective overflow outlet of the
filtering tank and the posterior filtering tank by continuing supply of the

upward directed reverse stream at the upper layer cleaning speed.

6. A method as defined in any of claims 3 — 5 further comprising a step of
measuring resistance value of the filtering tank during a normal filter
operation and automatically starting the partial cleaning process when the

resistance value has exceeded a predetermined value.

7. A method as defined in any of claims 3 — 5 further comprising a step of



thereof a raw water outlet from which mixed stream of raw water and air is

jetted out, a filtering tank housing a filter layer disposed below the mixed

raw water stream jet nozzle or nozzles with a predetermined distance

between the surface of the filter layer and the raw water outlet of the

mixed raw water stream jet nozzle or nozzles, a filtered water takeout

tube provided in the filtering tank foStaking out water filtered through the

filter layer, a reverse stream cleaning water supply tube provided in the
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layer, a plurality of filter layer cleaning jet nozzles each communicating at
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cleaning water outlets being logated in the vicinity 0 surface of the
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ormed in the wate ove the surface of the Ieanlng

wh\éf?et%ﬁéﬁﬁ?ﬂgfﬁmc%g%dea”ing water outlets of the filter layer cleaning jet
nozzles. 9. A water treatment apparatus as defined in claim 8 wherein the

filter layer cleaning jet nozzles are opened in the filtering tank obliquely
downwardly

8. A water treatment apparatus comprising a raw water supply tube, one or a
plurality of mixed raw water stream jet nozzles each communicating at one
end thereof with the raw water supply tube and having at the other end
thereof a raw water outlet from which mixed stream of raw water and air is
jetted out, a filtering tank housing a filter layer disposed below the mixed
raw water stream jet nozzle or nozzles with a predetermined distance
between the surface of the filter layer and the raw water outlet of the mixed
raw water stream jet nozzle or nozzles, a filtered water takeout tube
provided in the filtering tank for taking out water filtered through the filter
layer, a reverse stream cleaning water supply tube provided in the filtering
tank for supplying reverse stream cleaning water to the filter layer, a
plurality of filter layer cleaning jet nozzles each communicating at one end
thereof with a filter layer cleaning water supply tube and having at the other
end thereof a cleaning water outlet from which cleaning water is jetted out,
and an overflow outlet provided in the filtering tank above the filter layer,

characterized in that



from the edge of the filtering tank at a predetermined angle from the radial
direction of the filtering tank in a plane parallel to the surface of the filter
layer, and each of the filter layer cleaning jet nozzles has an air inlet tube
which communicates at one end thereof with an air supply source and
opens at the other end thereof in the filter layer cleaning jet nozzle at a
location upstream of the cleaning wétfer outlet. 10. A water treatment
apparatys as.defined in claim 8 or,9 wherein a part of_the filter layer |
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eof a raw Water outlet from w stream of raw water and alr

cle%ﬁ{%e?ef’%to?zfg@”ng tank housing a filter layer disposed below the
mixed raw water stream jet nozzle or nozzles with a predetermined

distance between the surface of the filter

9. A water treatment apparatus as defined in claim 8 wherein the filter layer
cleaning jet nozzles are opened in the filtering tank obliquely downwardly
from the edge of the filtering tank at a predetermined angle from the radial
direction of the filtering tank in a plane parallel to the surface of the filter
layer, and each of the filter layer cleaning jet nozzles has an air inlet tube
which communicates at one end thereof with an air supply source and opens
at the other end thereof in the filter layer cleaning jet nozzle at a location

upstream of the cleaning water outlet.

10. A water treatment apparatus as defined in claim 8 or 9 wherein a part of
the filter layer cleaning jet nozzles are disposed at a predetermined interval
above the filter layer with the cleaning water outlets located in the vicinity of
the surface of the filter layer and directed to a central lower portion of the
filter layer in a manner to jet out a jet water stream to form holes in the filter

layer.



layer and the raw water outlet of the mixed raw water stream jet nozzle or
nozzles, said filter layer consisting of an upper layer and a lower layer and
said upper layer comprising a filter material which has a smaller specific
gravity and a larger particle diameter than a filter material of said lower
layer, a filtered water takeout tube provided in the filtering tank for taking
out water filtered through the filter lag@r, a reverse stream cleaning water
supply tube provided in the filtering tank for supplying reverse stream
11 R AFRTGTWARATITRE ARBRERIS 4pIarRiRg SRBOHRY By sladRsnthg Y further
nozzles each compnunicating.at one end thereof with an upper layer :
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water outlet from which cleaning water is jetted out, and an overflow
M provided in the filtering tank above the filter layer. 66 13. A water
treatment apparatus as defined in claim 12 further comprising a posterior
stage filtering tank provided downstream of the filtered water takeout tube
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posterior stage filtering tank, a filtered water takeout tube for taking out
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water supply tube for supplying reverse stream cleaning water to the
from which mixed stream of raw water and air is jetted out, a filtering tank

housing a filter layer disposed below the mixed raw water stream jet nozzle
or nozzles with a predetermined distance between the surface of the filter
layer and the raw water outlet of the mixed raw water stream jet nozzle or
nozzles, said filter layer consisting of an upper layer and a lower layer and
said upper layer comprising a filter material which has a smaller specific
gravity and a larger particle diameter than a filter material of said lower
layer, a filtered water takeout tube provided in the filtering tank for taking
out water filtered through the filter layer, a reverse stream cleaning water
supply tube provided in the filtering tank for supplying reverse stream
cleaning water to the filter layer, a plurality of upper layer cleaning jet
nozzles each communicating at one end thereof with an upper layer cleaning
water supply tube and having at the other end thereof a cleaning water
outlet from which cleaning water is jetted out, and an overflow outlet

provided in the filtering tank above the filter layer.



posterior filter layer, a plurality of posterior filter layer cleaning jet nozzles
each communicating at one end thereof with a posterior filter layer
cleaning water supply tube and having at the other end thereof a cleaning
water outlet from which cleaning water is jetted out, said posterior filter
layer cleaning jet nozzles being disposed at a predetermined interval
above the posterior filter layer in sué% a manner that the cleaning water
outlets are located in the vicinity of the surface of the pasterior filter layer,
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filt%?iBQtQa%%e%&Hq%§%ﬁng a filtered water outlet or outlets communicating
with the filtered water takeout tube and opening in an upper portion of the
posterior stage filtering tank, a filtered water takeout tube for taking out
water filtered through the posterior filter layer, a reverse stream cleaning
water supply tube for supplying reverse stream cleaning water to the
posterior filter layer, a plurality of posterior filter layer cleaning jet nozzles
each communicating at one end thereof with a posterior filter layer cleaning
water supply tube and having at the other end thereof a cleaning water
outlet from which cleaning water is jetted out, said posterior filter layer
cleaning jet nozzles being disposed at a predetermined interval above the
posterior filter layer in such a manner that the cleaning water outlets are
located in the vicinity of the surface of the posterior filter layer, and an

overflow outlet provided in the posterior filtering tank above the posterior

filter layer.

14. A water treatment apparatus as defined in any of claims 8 — 13 wherein
the filtered water takeout tube and the reverse stream cleaning water supply
tube respectively consist of a plurality of water collecting and distributing

pipes disposed in parallel in a bottom portion of the filtering tank and each of



67
the water collecting and distributing pipes consists of an outer cylindrical
screen and an inner perforated pipe, said inner perforated pipe having water
collecting and distributing holes formed in the axial direction of the inner

perforated pipe on both sides thereof.



