UP-FLOW FILTRATION DEVICE CHARACTERIZED BY METHOD FOR STACKING FILTER
MATERIALS Technical Field [00011The present invention relates to a filtering 5 apparatus for filtering
water to be filtered ("to-be filtered water", hereinafter) containing turbid materials, and more
particularly, to a filtering apparatus for removing turbid materials having relatively large particle
diameters from raw water obtained from river, lake or ddm, 10 and to a filtering apparatus for removing
fine turbid materials such as cryptosporidium from treated water which is treated by a slow sand filter
bed or a rapid sandtitterbed. BackoroadTechnique 1500027 AHilter hedror a4filtering apparatus

which filters to-be filtered water containing, turbigddnaterials: issprevided with filtering material for
capturing turbldTma%erlaIs sEIh |(I:{ering material, there are relatively expensive film and special filter

element, but there are , , . ‘
[0001] The present invention relates to a filtering

5 apparatus for filtering water to be filtered ("to-be
filtered water", hereinafter) containing turbid materials,
and more particularly, to a filtering apparatus for
removing turbid materials having relatively large particle
diameters from raw water obtained from river, lake or dam,

10 and to a filtering apparatus for removing fine turbid
materials such as cryptosporidium from treated water which
is treated by a slow sand filter bed or a rapid sand filter
bed.

Background Technique

15 [0002] A filter bed or a filtering apparatus which
filters to-be filtered water containing turbid materials is
provided with filtering material for <capturing turbid
materials. As the filtering material, there are relatively
expensive film and special filter element, but there are

20 also inexpensive filtering materials such as gravels and
filtering sands, and they can repeatedly be used if they
are washed. The rapid sand filter bed or the slow sand
filter bed provided in a water purification plant includes
filtering materials such as the gravels and filtering

256 sands. The filtering material of the rapid sand filter bed
includes layers of gravels laminated such that particle
diameters become smaller upward, and a layer of filtering
sands laminated on the layer of gravels and having average
particle diameters of 0.45 to 0.7 mm. Flocculating agent

30 1s injected into raw water taken from river, lake or a dam,
turbid materials are removed in a sedimentation basin to
some extent, bactericidal sodium hypochlorite or chlorine
is injected and then, the water is filtered downward in the
rapid sand filter bed. The filtering material of the slow

35 sand filter bed also includes a layer of gravels laminated
such that



20 also inexpensive filtering materials such as gravels and filtering sands, and they can repeatedly be
used if they are washed. The rapid sand filter bed or the slow sand filter bed provided in a water
purification plant includes filtering materials such as the gravels and filtering 25 sands. The filtering
material of the rapid sand filter bed includes layers of gravels laminated such that particle diameters
become smaller upward, and a layer of filtering sapds laminated on the layer of gravels and having
average particle diameters of 0.45 to 0.7 mm. Flocculating agent 30 is injected into raw water taken
from river, lake or a dam, turbid materials are removed in a sedimentation basin to some extent,
bactericidal sodium hypochlorlte or chlorine is injected and then, the water is filtered downward in the
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upward-type filtering apparatus which filters raw watexr upward
through filtering materials is also known and is described in
a patent document 1 for example. The filtering materials of
the upward-type filtering apparatus include layers of gravels
laminated such that particle diameters become smaller upward,
and a layer of filtering sands laminated on the layer of gravels,
and raw water is filtered upward through the filtering
material.

Prior Art Document

Patent Document

[0003] Patent Document 1: Japanese Patent No.3769561
Summary of the Invention

Problem to be Solved by the Invention

[0004] As described above, according to the slow sand
filter bed, delicious purified water can be obtained by the
biological film, the rapid sand filter bed can efficiently
filter purified water, and both of them are excellent. The
upward-type filtering apparatus can efficiently capture
turbid materials and thus is excellent. However, the filter
bed and the upward-type filtering apparatus have also problems.
In the case of the slow sand filter bed and the rapid sand filter
bed, the uppermost layer of the filtering material is provided
with the layer of filtering sands of minimum particles, and
the filter bed filters water downward. Therefore, captured
turbid materials are centered in the uppermost layer.
Therefore, there is a problem that the uppermost layer is prone
tobe clogged early. To clear the clog, in the slow sand filter



[0003]Patent Document 1: Japanese Patent N0.3769561 Summary of the Invention Problem to be
Solved by the Invention [0004]As described above, according to the slow sand filter bed, delicious
purified water can be obtained by the biological film, the rapid sand filter bed can efficiently filter
purified water, and both of them are excellent. The upward-type filtering apparatus can efficiently
capture turbid materials and thus is excellent. How&ver, the filter bed and the upward-type filtering
apparatus have also problems. In the case of the slow sand filter bed and the rapid sand filter bed, the
uppermost layer of the filtering material is provided with the layer of filtering sands of minimum
particles, and the filter bed filters water downward. Therefore, captured turbid materials are centered in
the|Up$e oFbaythbgrgw@stBigﬁi&@dtafm_l I%mb %@a&%@@%@%b@mi%”e&%g@Q@ﬁ%lﬁggf_?d _
early. To clear, c in the slow sand filter bed, it is,necessary to manually scrape of f the filtering
sands of th%f?::ﬁ;%ggé:d? %E&e?%b‘?ﬁ%’%‘r?%’ﬁdﬁ tﬁ%elﬁ(:réaansder;tekrlnlasln%éynca%%aeSc%sstfn%ﬁlt Eér)gﬁﬁcseand filter
bed, it is nE&SEsary tdRigbRsusiagdik piriied WddrdtonPBelow e filfering ARREATY arfebto carry out
so-called batkwashiang a largecamsaunt of pdrified weaterissrastefulywisedeT het is; #ie slow sand

filter bed and {he-rapid sand fillerhed have a problemdhala washing.aperation. cost efIhe filtering

material increases., Eurther, a filtering speed of these filter beds is slow, and the filtering speed of a

relatively high RB&ed rapid“@hailte? BRFESEStoW a855but 1364 per a' Ry, THatiSre is a
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water, a lagge;agoing of fltershadsare rraured.Ha the tase ol the dpward-typs filkeringapparatus,
water is filtlgﬁ%dcggwardattggg%h filterin% mat ri%lg v@ﬂch ar% lalrréinat%fd %n one aréfother such that their
a
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and its maitenarice ¢s£nof 2aky - urthdsmeree thedifter bediand fhe upward:tgpe fittéringtapparatus

have a probispa et epytosnoridiurn.can apbielizblyde remaved (Eherdhyplesperidiygis protozoa
and if itis rg:geguinlp ified water and peqple drinks ihthis causes diarrhea, but its size is as small as 3
to 8 pm, an the gryp ospoerfa;!l‘ljrlrﬁ &&h ngtlr% iS50l e ca%ﬁﬁe fhaeﬁs%?%ﬁﬁg fﬁféﬁﬁﬁes]énds. [00051
It is an objE&tBT thdplesEREihverRAtdprovide aritbBEg apsaanss fomsdlliny thiwebawe-described
problems. Pherefore, turbid materials having different particle

diameters are captured in the respective layers. Therefore,
it is relatively less prone to be clogged and this is excellent
in terms of this point. However, if the filtering speed is
increased, the uppermost layexr of the filtering sands soars
and thus, the filtering speed can not be increased. That is,
it can not be said that the filtering efficiency is high.
Further, when the filtering material is to be washed, it is
necessary that the laminating order of the layers which
constitute the filtering material is not changed, and its
maintenance is not easy. Furthermore, the filter bed and the
upward-type filtering apparatus have a problem that
cryptosporidium can not reliably be removed. The
cryptosporidium is a protozoa and if it is mixed in purified
water and people drinks it, this causes diarrhea, but its size
is as small as 3 to 8 um, and the cryptosporidium can not
reliably be captured by the layer of the filtering sands.

[0005] It is an object of the present invention to provide

a filtering apparatus for solving the above-described problems.



More specifically, it is an object of the invention to provide a filtering apparatus capable of efficiently

" filtering a large volume of water although the filtering apparatus is inexpensive, and in which its filtering
material is less prone to be clogged, and even if the filtering material is clogged, the filtering material
can easily be washed. It is also an object of the invention that by appropriately selecting a filtering
material, the filtering apparatus has a variety of potential applications. That is, the filtering apparatus
may efficiently remove only relatively large turbid materials from raw water obtained from river, lake or
dam, or the filtering apparatus may filter water having relatively small amount of turbid materials and
may substantially completely remove cryptosporidium. It is also an object of the invention that when

the f”te“ngqgkaéeg Lis clogged the filtering.mateyial cansefficientinhbe wasbed: Eusthet.itis also an
object of the invention that in thé filtering apparatis aOP%oJoagicaltme E f@cigntrlly fngéa]c_j igthe filtering
material, Gighnit TREHSTARRITE E%%%%a&ﬁﬁdéee and délicious puriied water can be obtained.
Means for8olving Prabiems40686]Ta bichiewghhe abéve 6BjEEE & BreseRPRvERith prbVides an
upward-type, filtesing-arparatysicomprision a pressule eenianenard-filaring matesa whieh is placed
in the pressure container and which is made of grayels, filter pagti ' ich if to-be
filtered wate? i%%u%pﬁg@ ﬁgr‘n %rfco){:w%Y%%rt}o%nQﬁ%we}égffe%éﬁe or%ga%ﬂ%%%dld i?%l%%g %g\%]érd, filtered

water is obthiRed Fohe 2R LHPER pBHIGRI0IIRE pREStd cBftallRs Efk filtdfing ThdtefQ Binprises a
filtering podiendaeluding enplutalitgnttayarsumaich ase laptinatpd batonkvarptiersuthahat particle
diameters jhefeal,arg gradyabs educeddram alowen goipnipuiasd atdpperportien pf 4 fitering

portion, and a filtering_sand flowing-out preventing gortlo%in u |Qg a.%urgli%g}éaélgrs V\éhiCh are
located onRR& ity pdRRLAA WRith-are tafinafed bR one anothar Such hat barticle diameters
thereof 5 arefjradeallylipcreasecefrom 7 lower poviiotwagEaR PP potiicH &f-te fitefing sand
flowing-outpreventing-parion: 10e fitesnomateral is:ohargeddeia the pressure conéatdeigsuch that
the filtering material reaches a ceiling of the pressure contaj [ filteri jal is forcibly
pressed dGWPBy & refailier) m%e%r%eergo ey \t;’v%igg k?}af%ﬁlgb%%%%%ia%et%iu%ﬁ%g% %@%ﬁé Wﬁ)gér)e the
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container ungepwatgspressuie of @05:1MPa s digheroBirehiblies havingrdiemeters of 8atinn or less
are mixed ipfo fhe Jo-ha flarpd wiateL.and ey are suoplied (@ ihe pressura centalae: {8007]To

achieve the above 0%jeCt, an invention described in claim 1 provides lépva\{ard-%f% cﬂéte(glgg

apparatus E6MpASiHg & Sresstrd oM And fittTingFhatetial Whigh e pIated it the préssure
container arideviinkésmmade daffgravels, fiterintidanes are patielss tinsvhiehkd-bedmefed water is
fsupplied frgm frdolvge%&g%e@&{m%pf%acmt%:ﬁer_ﬂmﬂ%_fiE@J@dnu&wa_rmﬁue&?bwaﬁeilis obtained
rom an upper portion of the pressure container, wherein the filterjn teri iltering
portion incllidhg S pli#Aity Jrg)}e?g\c/v%‘fc EealreCei ‘Iéfrrcﬁrﬁlgt%%e(?d o%%%n%?ﬁgrgsgu% %'?h ligqu)%%%lge&diameters
thereof arewpaduallyardbce@rbai-assiver portion toward an upper portion of the filtering portion, and
a filtering spad Hewingrowiqrevertingpetiendncluding a plurality of layers which are located on the

fitering porfign apgl which ae Iaminated g ong.avaIhgk sugh thahpagide diamelers hargaf are
e

gradually increased from a lower-portion toward an upper portion of iltering sand, flowing-out
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pressure C%%"i%é@%‘:@’@@ﬁ@%?@@ﬁ@-%%ﬂé Mgher.of gravels, filtering
sands and particles, in which i1f to-be filtered water is
supplied from a lower portion of the pressure container and
ig filtered upward, filtered water is obtained from an upper
portion of the pressure container. The filtering material
comprises a filtering portion including a plurality of layers
which are laminated on one another such that particle diameters
thereof are gradually reduced from a lower portion toward an
upper portion of the filtering portion, and a filtering sand
flowing-out preventing portion includinga plurality of layers
which are located on the filtering portion and which are

laminated on one another such that particle diameters thereof



An invention described in claim 2 provides an upward- type filtering apparatus comprising a pressure
container and 6 filtering material which is placed in the pressure container and which is made of
gravels, filtering sands and patrticles, in which to-be filtered water is supplied from a lower portion of
the pressure container and is filtered upward, filtered water is obtained from an upper portion of the
pressure container, wherein the filtering material cdmprises a filtering portion including a plurality of
layers which are laminated on one another such that particle diameters thereof are gradually reduced
from a Ipwer portion toward an upper portion of the filtering portion, and a filtering sand flowing-out
preventing portion including a plurality of layers which are located on the filtering portion and which are
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SUDprt?SS gsgc&% \%b@r@ lth_@lélt@rin_%@@t_e{@l fleats 1iphly watet peassarec d@0a8iAccdrdirigeto an
invention described in clai 3,.in the upward:-type filtering: rding t ' r2,a
minimum ﬂ%ﬂ?ﬁg ﬁla]i/%r of {VE% .%é%ﬁg p%ﬁio%%o%w%?gg%%%g?%%tﬁﬁgfﬁg sa%s@%\?%%grticle
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aIayerOfqg?”@&é@@qfﬁgﬁgﬁ%gank*ﬁgkﬂge%%s@iiﬁ@é%ﬁ@%&ghr is supplied into
the pressure container under water pressure of 0.05 MPa or
higher. Air bubbles having diameters of 80 um or less are mixed
into the to-be filtered water, and they are supplied to the
pressure container.
[0007] To achieve the above object, an invention
described in claim 1 provides an upward-type filtering
apparatus comprising a pressure container and filtering
material which is placed in the pressure container and which
is made of gravels, filtering sands and particles, in which
to-be filtered water is supplied from a lower portion of the
pressure container and is filtered upward, filtered water is
obtained from an upper portion of the pressure container,
wherein the filtering material comprises a filtering portion
including a plurality of layers which are laminated on one
another such that particle diameters thereof are gradually
reduced from a lower portion toward an upper portion of the
filteringportion,amdzafilteringsandflowing—outpreventing
portion including a plurality of layers which are located on
the filtering portion and which are laminated on one another
such that particle diameters thereof are gradually increased
from a lower portion toward an upper portion of the filtering
sand flowing-out preventing portion, the filtering material
is charged into the pressure container such that the filtering
material reaches a ceiling of the pressure container, and the
to-be filtered water is supplied into the pressure container
under water pressure of 0.05 MPa or higher.
An invention described in claim 2 provides an upward-type

filtering apparatus comprising a pressure container and



According to an invention described in claim 5, in the upward-type filtering apparatus according to any
one of claims 1 to 4, air bubbles of diameters of 80 pm or less are mixed into the to-be filtered water,
and they are supplied to the pressure container. , [0009]According to an invention described in claim 6,
7 in the upward-type filtering apparatus according to any one of claims 1 to 5, a lower portion of the
pressure container is provided with a to-be filteredswater supply pipe having a supply pipe valve and
with a drain pipe having a drain pipe valve, an upper portion of the pressure container is provided with
a water pipe having a water pipe valve, a large number of holes are formed in a washing pipe, the
washing pipe is embedded in a layer which is adjacent to a lower side of the minimum particle layer of

the filtering. gggg)pi}{éhggygwat)jpwgh/ﬁ and fhewateripipe valve-are-epeneshaitd theedrain pipe
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valve is closed, and if to-be filtered water is supplied from the to-he filter J1pRly pipe, filtered
water whidPRa¥Hiered By TREfitsrmg ﬁ?a‘f?#g 'is%sﬁégl?e%lfrl&nstﬁrel%at%g%;l é%%! %utsid’e, if the
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filtered wates is guppliedJfomdhe-washinggipetbe fikering maiesial isowastied With tketdbe filtered

water and the to-be, iltereIf water és drained grgmégﬁ %Ea"bBiPEion Agcorging to.ainyeation

described 115 7.5n &% %rlng apparatus in whi rst and second u ward-t\{)pe filters each
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tojfgrse cé—imbined, if
filtered water is: suapligddfsar ippet notioasof the filstaad segord upsed-Bypafidtsafe filtering

materials afg bagk washid apd wasling paleeis diines rom brerariensatiha istand second
upward-type fﬂters, a lower portion of the first upw d-vtyepe filter is:L Bgv‘ic%ev\ga\%gh ggir% e filtered
water supp¥ BipEaaiifg-4 ¥irdt SUBER Dipd VaIvE :%8 With & st dram pipe having a first drain pipe
valve, an uppet portior6f thénéirstiuivirad ipge oRE Sisrevidenditea firatvaiet phe S&er portion
of the jeCOPﬁléMW@rdﬁ;Meepf%@&éE@@M@%i‘:jﬁtb&sgﬁ@a@aihg ﬁitpnadr?atwssmﬁ/ammhaving a
second supply-pipevalve and with.a seco rainpi ing iQpi e upper
portion of tHES&8orkf & pv%%%ﬁéi filfer isggr%v%é% gv%tﬁ%xgec%ﬁvfggr é%[ei , tg%ﬂééf%\l{[eﬁéwater is
supplied frdmnthadiradgdisebendiepaer such that particle diameters thereof

are gradually increased from a lower portion toward an upper
portion of the filtering sand flowing-out preventing portion,
the to-be filtered water is supplied into the pressure
container under water pressure of 0.05 MPa or higher, and the
filtering material is forcibly pressed down by a retainer
member or a weight from above so as to suppress a case where
the filtering material floats up by water pressure.

[0008] According to an invention described in claim 3,
in the upward-type filtering apparatus according to claim 1
or 2, a minimum particle layer of the filtering portions
comprise a layer of filtering sands having particle diameters
of 0.1 to 0.5 mm.

According to an invention described in claim 4, in the
upward-type filtering apparatus according to claim 1 or 2, a
minimum particle layer of the filtering portions comprise a
layer of filtering sands having particle diameters of 1 to 50
pm.

According to an invention described in claim 5, in the
upward—typefilteringapparatusaccordingtx:anyone<yfclaims
1 to 4, air bubbles of diameters of 80 um or legs are mixed
into the to-be filtered water, and they are supplied to the
pressure container.

[0009] According to an invention described in claim 6,



8 filtered water supply pipes under water pressure of 0.05 MPa or higher, the first and second water
pipes are in communication with each other, and a water main pipe having a water main pipe valve is
connected to the first and second water pipes. Effect of the Invention [0010]As described above, ’
according to the present invention, the upward-type filtering apparatus includes a pressure container
and filtering material which is placed in the pressufe container and which is made of gravels, filtering
sands and particles, in which to-be filtered water is supplied from a lower portion of the pressure
container and is filtered upward, filtered water is obtained from an upper portion of the pressure
container. The filtering material comprises a filtering portion including a plurality of layers which are
laminated pp ong-angihersichyhat particle diagelersdhereet ar-grackatly reducadfromea lower
portion toward an upper portion.of the.filtering portian, and iﬁ ri wing-qut. nting
portion inc i %Jp usraflgyto? I%’yerg wlﬁ)lgﬁlér %rc%%e%nor? %ﬁeE [ telg%gé%%gtlig% agllgnv%h%jé%{%\fg laminated
on one andthepsaeh Grd pattidle didinekes tHdfedr gfe @%@%éll?ﬂﬂﬁgé(sé’&ﬁﬁnﬁﬁ‘fd\ﬁ@r Portion

toward an gppen goriep of the filteringisanic: tiowingreut prevemtingspartign AT liereforepwhen to-be
o haLindludng Wi ralerals s ered bynediieradarian.doe o floredaaror s frs
filtered by the layer having large particle diameters and then, the io-be filtered waterg IS E%%uentlally
filtered by tayePs RaWiig SmalePpaftitledidn@tdfe “fifrbRimateifls &re Baptifet by the layers, and the
water is effidienthlfilteredasifigtieéntire filtevingpbriorp Beeorditig tovenidL R filbam®y material is less

prone to be £logged aThe filtering matgriakis charged; i the pressurevertaielsush thaethe filtering
material reaches a ceiling of the pressure containgr,-and the to-be filtered water i ied into the
pressure cOntamer ukder lrﬁgF pré: setjlfeod% %% fgﬁ:%%gr ighe .%ﬁwgejt'r%e)%'re\,ﬂlgir%é%he o-gg filtered
water is suppiied uhdEehigndreBsuré iRt PRRFINPIPER P& BBIRGEagEE &itfedEFHiMurbid
materials gs¢ gecuaateddndhe fikerjing maatefial ot isepassibie te dtably éilter. watepp Thatis, a large
volume of Bisad waieicanbeonfabed ouerdhe opgieps L inas e  saceatbe-Hielingmaterial

reaches the celling of the pressure container, it is possiblé 1o suppress a %:sedw ere thg filtering
material flo&Su by FABAPRESERE dntthETiHafAng RitEra does Fotvar ffthe \Whter “Therefore,
even if the waterpressarens sufficientieincicasee, itippdssiblet® fikdrigaterd Adedrdimga® the other

invention, the filtering.raaterial is;forclbly:pressad dow by gifséaipg emberpeadeigatiiom above

SO as to suppress a case_where the filtering materieil ﬂogtsf[]l_; bycy%/at%[_jL Rressur .i‘lggreg%{g, according
to this inven 'oﬁf’lﬂ@et%l%%@ﬁt?o Wﬁ%ﬁﬁﬁglﬁﬁgnﬁgema &nal is ¢ arge nto the préessure container
such that tHd filteringnmatetisl réadhés tWé@@ﬁFﬁlg\’éftthélﬂ%s%%r@@oﬁa%ﬁ@ﬁ Bk fRERfgThSterial does

not soar in thewaternanddt istRossletastablydfiler saterd from the drain pipe.

According to an invention described in claim 7, in a
filtering apparatus in which first and second upward-type
filters each comprising the upward-type filtering apparatus
according to any one of claims 1 to 5 are combined, if filtered
water is supplied from upper portions of the first and second
upward-type filters, the filtering materials are back washed
and washing water is drained from lower portions of the first
and second upward-type filters, a lower portion of the first
upward-type filter is provided with a first to-be filtered
water supply pipe having a first supply pipe valve and with
a first drain pipe having a first drain pipe valve, an upper
portion of the first upward-type filter isprovided witha first
water pipe, a lower portion of the second upward-type filter
is provided with a second to-be filtered water supply pipe
having a second supply pipe valve and with a second drain pipe
having a second drain pipe valve, an upper portion of the second
upward-type filter is provided with a second water pipe, to-be

filtered water is supplied from the first and second to-be



[0011]According to the other invention, in the upward-type filtering apparatus according to claim 1 or 2,
a minimum particle layer of the filtering portions comprise a layer of filtering sands having particle
diameter of 0.1 to 0.5 mm. According to this, it is possible to directly filter raw water taken from river,
lake or dam, and the upward-type filtering apparatus can capture turbid materials having relatively
large particle diameters. If water is filtered by suct8an upward-type filtering apparatus, even if raw
waterhas a relatively large amount of turbid materials, it is possible to obtain filtered water having
turbidity of about 10 degrees. According to this, it is possible not only to substitute the filtering
apparatus of the invention for a conventional sedimentation basin, but also to sufficiently remove turbid
materials. i such.anupward:type filtering apparatys ds-pravided ypstseameofdhe slavs sand filter bed or

rapid sand filter bed, it is possiple to%% in an effect that the filter bed.is | rone logged.
Since it is BAnet85&ry t’b%ﬁ(féaﬁ’té %Hgﬁi%?xloéb M %erg Wa?gr?ff?sjp%sgsglté)]g%%{%g%t(%%t%e cost and

eventuallyyit istpessiblectohehitaimddlisi CUELHITE RREL ALEH ARG B HREGheldiERIGE in the
upward-typg;filtering-appanaltis aegording te=Claim: & orh& minionm particte |ayereof the filtering
portions cogg%réiasceta (I)afye%gf fi%er{rne%sc%nods having particle diameters of 1 to 50 1.tm. Then, it is
possible to remove minute tur id mate(iafé, and to substantially completely remove cryptosporidium.
For exampleé 9fhater which-fvas fREEHIRth& 8ot Ssand fifter fad Ihe-fapit Kand FiftsrBed or other
filtering apparatus-isditerectiey susheafilteringeappatates,iints possibietoensure thadsafedurified
water is ohfained, [00121According tg the piher dnvantios inthedipward-typedilieriag appatatus
according to any one of claims 1 to 5, a low ré%(})rti n of the res urerggfrgﬁisnergsiggo@q% with a to-be
filtered watePSUPHRSHBE h&Ay 2 SupbIy Bib& VARe arit Witha drain pipe having a drain pipe valve,
an upper psetichsothe prassiire esntaimerisisiovidedorithid Warabipe NG SWakt itk valve, a
large number gf holes aee- faimrad avvashiagipe sheavasingpipe isambedded I atayer which is
adjacent to a lower side, of the minimum particle layer _of the filteri ion,. i upply Rpipe valve
and the Wa%’rwpa}ﬁé:{ Va%/e:é?aﬁg%%rgenvéf gaen]apth% é%%% rﬁ%éaﬁé&@ c%c?égg’?%%g i%%g?bigf[i%l?ergg water is
supplied fréMehs Te-BEYRerEPWatdePply B, fitere8ia8r Whidmhad fitPea by RE fitering
material is sappliedifremibe wiater pipe inteioigside pand-# the guply jpipe valvelahdithaxgater pipe
valve are closag e drain pine xahie Js apenadnaRdibio-he fikeenckwaies i suppliarbirom the

e fi

washing pipe, t ering material is washed with the to-be filteq:ed wa eé&}Q% he %lo-be fig%red water is
drained frofitheHraiipe YTHRFGEE posSBIdto sHaEnt Wash 4 portion of 'g%e filtefing material
where turbidawaterials afe rmost prohktteegccpaulaiad) an@wasHingidrdiras siEhaged from the

lower porti%@%{%ﬂ@@%@@@@gﬂ% theppes periondika) is dlispossibleda dafelynwash the
fMenm;maﬁﬁ?%hn£¥£c ggggg@"ggh%ggm?gl%%ring portion and which are

laminated on one another such that particle diameters thereof

are gradually increased from a lower portion toward an upper
portion of the filtering sand £lowing-out preventing portion.
Therefore, when to-be filtered water including turbid
materials is filtered by the filtering portion, the to-be
filtered water is first filtered by the layer having large
particle diameters and then, the to-be filtered water is
sequentially filtered by layers having smaller particle
diameters. Turbid.matefials are captured by the layers, and
the water is efficiently filtered using the entire filtering
portion. According to this, the filtering material is less
prone to be clogged. The filtering material is charged into
thé pressure container such that the filtering material
reaches a ceiling of the preséure container, and the to-be
filtered water is supplied into the pressure container under
water pressure of 0.05 MPa or higher. Therefore, since the

to-be filtered water is supplied under high pressure, the



water. Since the wash is carried out using to-be filtered water, it is unnecessary to separately prepare
washing water. According to the other invention, According to an invention described in claim 7, in a
filtering apparatus in which first and second upward- type filters each comprising the upward- type
filtering apparatus according to any one of claims 1 to 5 are combined, if filtered water is supplied from
upper portions of the first and second upward-typedfilters, the filtering materials are back washed and
washing water is drained from lower portions of the first and second upward-type filters, a lower
portion of the first upward-type filter is provided with a first to-be filtered water supply pipe having a first
supply pipe valve and with a first drain pipe having a first drain pipe valve, an upper portion of the first

upward-tyne, el s provgled wilh g et walelnine o2 lawer Rotion efdhe seeond upiarddype fiter s
provided wi A& second to-be Iitered water supply pipe havmg,a secaqnd supsBI §|p%¥alv€ and with a
second draifSipB FAHE.A 56C0Rd dF AR fipe VaRL Sn THPEF pdrtion'dr the $2oRd Upward-type filter
is providedswithh aseciondewaterggipe, toEhe filtesedanbterds suppling frant thetifsedndaserdnd to-be

filtered water, supply pipes yaderwaterfresswe of 0:0:MPa er higher cihedirstand seeonrd water

pipes are in communication with each other, and a water main pipe haying a wa I, inpipe valve is
connected ?ol%téeﬁ%flgnd“éaeté%ﬁa%ate?%?p%%??he%re? 85 \?v’ﬁ e dpeécri e 'nE%feta%Iater, it is

possible todittek totbe filtered water 63ing theTiftRRE TRecha APV ERES B fifefd LM TMe time, or
it is possiblgde back wash eneHf the upwardstype filters asingdilte eddvatéravhichi wes fitgred by the

other upward-fype: fiter, At that time, there s an,effetthat it is1onecessary i, separately store
purified walet for the back washing, and a pump for the back Washi:g is npot required Briéef Description
of the DraiAGEIOCIBTSE T s aScheatic Ll obtibhaF GRSt an-tpward? éfﬁ’%

Fing @pparatus
according toiahtembatiment of theoprésent nvermtowther Rigveid aceheptaic Sideesedignal view of
an upwardsfyne filtering;appayatusAceording Lo angtheh empodimentetibe invemion; or &ig. 3isa
schematic side sectional view of the ugwa{d-tgge filterirég aar%pgggtl%%%r;:den@ﬂutefg'{@g%pﬁ generating
apparatus WRtAHixes T8 & Babbles Mits 1626 Titered Water according to the embodiment of the
invention; ma tRigials & behbmatie Side vedinaPvieRFomEstatd DAEPE BHE upRer@tybeftering

apparatusesaceRidingio dhe esibodimest efithei inventioioareicomhined mhmeanstof aipredetermined
bipe;  Figs. S.are schemalle dagranis Jor gxplaiing eeraion. gfap aneatatusiaduding two

upward-type iﬁ%ﬁng appara {ses accor%“lngt e embodiment of the invention, wherein (A) to (C) are

side sectioridl Y BRoWIRG-9aHiGts opEARIRE nettitils; ©S1Fig% iSh sdHimalt SffeEettional view
of an upwatshbiypefitteringtappatafussaccotding te anetheit @nsb odithert af thalirveativa tawd
’ and it is possible to stably filter water.
[o011] According to the other invention, in the
upward-type filtering apparatus according to claim 1 or 2, a
minimum particle layer of the filtering portions comprise a
layer of filtering sands having particle diameter of 0.1 to
0.5 mm. According to this, it is possible to directly filter
raw water taken from river, lake or dam, and the upward-type
filtering apparatus can capture turbid materials having
relatively large particle diameters. If water is filtered by
such an upward-type filtering apparatus, even if raw water has
a relatively large amount of turbid materials, it is possible
to obtain filtered water having turbidity of about 10 degrees.
According to this, it is possible not only to substitute the
filtering apparatus of the invention for a conventional
sedimentation basin, but also to sufficiently remove turbid
materials. If such an upward-type filtering apparatus is
provided upstream of the slow sand filter bed or rapid sand
filter bed, it is possible to obtain an effect that the filter

bed is less prone to be clogged. Since it is unnecessary to



Figs. 7_are schematic diagrams for explaining operation of an upward-type filtering apparatus
acqordlng another embodiment of the invention, wherein (A) to (C) are side sectional views showing
various operating methods. Modes for Carrying out the Invention [0014]An upward-type filtering
apparatus according to an embodiment will be described below. As shown in Fig. 1, the upward-type
f!lter!ng apparatus 1 includes a hollow pressure cohtainer 2 having a predetermined shape, and a
fllterlng material 3 provided in the pressure container 2. The pressure container 2 has a stéel plate
havmg predetermined a thickness, and the pressure container 2 includes a cylindrical barrel 5, a
domical heaq 6 .Wh.ich'is !iquid-tightly mounted on an upper portion of the barrel 5, and a domic’:al
2 s SUoh S Shape The BrSeTe s 2oe e St 8 arval. 15 pegsaure. Since e+
_ , resistant to in : ince th

pressure ddifaifig? 2 &5 De Hisastemtied s?t %Dﬁossjé%lb% téC 805‘?7152%%5%@(%%%;:{ t%g%ilteringe
material 3p&11dfd@lmﬁﬁternalmr@m%]m Uear @ ATl Rk Hphafatud B of fife
ﬁhrg?::]cgnr:] 2 eﬁglyg% l@yﬁetl%afi&@f;\ie%@teﬂggamammgmm@odoofcxheim;enjngnnauerfm 3. If the

al 3 is viewed from jts function, filtari t_"_n@ltpgri JGan-hes divided, ilteri
port_ion 9 tWt:‘orﬁ]gfflluvr\r}hi.f():lel‘rvf/caftg;‘rL g'?s fljltae¥éedr, a%%c} g%%e%ﬂ”&qé%nd flowalgl?\%-out revclayntring pﬁcﬁaéozvc)e\:vwitcer??sg
laminated baxRe fiRerinlertion9 BHYE DARICHES WCH CamistittetiE Fitering ortion g So that the
particles dgqnot sgaki) the watedbe filiedngpartamwve minute turbid materials,

and to substantially completely remove cryptosporidium. For
example, if water which was filtered by the slow sand filter
bed, the rapid sand filter bed or other filtering apparatus
ig filtered by such a filtering apparatus, it is possible to
ensure that safe purified water is obtained.

[0012] According to the other invention, in the
upward-type filtering apparatus according to any one of claims
1 to 5, a lower portion of the pressure container is provided
with a to-be filtered water supply pipe having a supply pipe
valve and with a drain pipe having a drain pipe valve, an upper
portion of the pressure container is provided with a water pipe
having a water pipe valve, a large number of holes are formed
in a washing pipe, the washing pipe is embedded in a layer which
is adjacent to a lower side of the minimum particle layer of
the filtering portion, if the supply pipe valve and the water
pipe valve are opened and the drain pipe valve is closed, and
if to-be filtered water is supplied from the to-be filtered
water supply pipe, filtered water which was filtered by the
filtering material is supplied from the water pipe into outside,
and if the supply pipe valve and the water pipe valve are closed
and the drain pipe valve is opened, and if to-be filtered water
is supplied from the washing pipe, the filtering material is
washed with the to-be filtered water and the to-be filtered
water is drained from the drain pipe. That is, it is possible
to efficiently wash a portion of the filtering material where
turbid materials are most prone to be accumulated, and washing
drain is discharged from the lower portion and is not discharged
from the upper portion. That is, it is possible to safely wash

the filtering material without contaminating the filtered



9 includes a plurality of layers which are laminated on one another such that their particle diameters
become smaller from a lower layer toward an upper layer of the filtering portion 9. The filtering sand
flowing-out preventing portion 10 is laminated on the filtering portion 9, and includes a plurality of
layers which are laminated on one another such that their particle diameters become larger from a
lower layer toward an upper layer of the filtering sand flowing-out preventing portion 10. That is, a
minimum particle layer 11 is disposed in an intermediate portion of the filtering material 3 and
sandwiched between upper and lower layers having large particle diameters. Since the particle
diameters of the filtering portion 9 become smaller in a direction in which to-be filtered water flows, the

filter is 'GS%QEOWO be glogoed,angksince the filtering sapd flowingguidurenentingipertiea 10 is

provided, this prevents particles of the filteriirlézxcgf]ortion 9 from flowing outsideh:LLn thi%%@?dimem’ the
. w .

 filtering mat&f&s larhinated R BFE TTNe S charGed Sich that TRe filtering matdrial 3 reaches a
ceiling, i.e Aateaditdf the pressuretsontdinge2tSipte tAES fiRaiHg Matsria sT3FHed 38 described
above, eveq it predeterminechwater pressute isiappiied:ie tafefiltered watexttheltilteiing tmaterial 3 is
prevented from floating, up or from_soaring..In the - Uteri p]]%a{@ f mbodiment,

the 14 filtst ﬁlea?gﬁ% %%%g%b%gggrrﬁ\}v%%eﬁsnggﬁ% g@ﬁg Et[i%eﬂgff?ilt,erin %&%fls%@,gjt@the time of
washing, ahdl Hse Frmis e St RN RARRAFEHND 1B THY 185 GE Edtalhdr2 sDrovided at its lower
end 13 withade-heditered watarsipply pipectd throsgipphichdvaterts sppsiiedinto-therpressure

container 2, Angith an guletipe. L3 hgeughuheh Washing sraio.ater washingthesitagng materia
a

3is draine&to outside. In reality, these pipes nd 15 are coupled to each_other mon pipe,
and this cORHREH bRoeSisicohneetet t‘ﬁatﬁg?&mgpgng’ F5%tHR B]rge%%tﬁrelg’orag%grl’%sgﬁi% 16 which
supplies toihefilterpd mimtenendst witer Diessure RO MPY oHhigHe-4ritPs shipply$Hise valve 17
are provided inghe toshsfiltered watensupply-pipe kA drain pipenmlves18 ispravideddadhe drain
pipe 15. A water pipe 21 through which filtered water is s utside is,capnected o, an upper end
20 of the pF’éJsE r& cofitatner 2. [%(Efl Q\%%preer%tigr? %? t e%r%\%%% Ey%%filterin_g § .

supply pipe valve and with a first drain pipe having a first

drain pipe valve, an upper portion of the first upward-type
filter is provided with a first water pipe, a lower portion
of the second upward-type filter is provided with a second to-be
filtered water supply pipe having a second supply pipe valve
and with a second drain pipe having a second drain pipe valve,
an upper portion of the second upward-type filter is provided
with a second water pipe, to-be filtered water is supplied from
the first and second to-be filtered water supply pipes under
water pressure of 0.05 MPa or higher, the first and second water
pipes are in communication with each other, and a water main
pipe having a water main pipe valve is connected to the first
and second water pipes. Therefore, as will be described in
detail later, it is possible to filter to-be filtered water
using the first and second upward-type filtersat the same time,
or it is possible to back wash one of the upward-type filters
using filtered water which was filtered by the other
upward-type filter. At that time, there is an effect that it
is unnecessary to separately store purified water for the back
washing, and a pump for the back washing is not required.
Brief Description of the Drawings

[0013] Fig. 1 is a schematic side sectional view of an
upward-type £iltering apparatus according to an embodiment of

the present invention;



apparatus 1 according to the embodiment will be described. In the upward-type filtering apparatus 1,
the supply pipe valve 17 is opened and the drain pipe valve 18 is closed. The pump 16 is operated and
to-be filtered water is supplied under water pressure of 0.05 MPa or higher. According to this, the to-be
filtered water is supplied from a lower portion of the pressure container 2, and flows in the filtering
portion 9 of the filtering material 3 upward. Turbidlghaterials included in the to-be filtered water are
captured in the layers of the filtering portion 9 in accordance with the particle diameters. Therefore, the
to-be filtered water is filtered by the entire filtering portion 9, and turbid materials are not centered only
in. a particular layer. The filtered water flows upward through the filtering sand flowing-out preventing
portion 10 and is sgntout from an uppgrReiQR 0 the piessyecontaiaer 2ibewghothe arater pipe 21.
Since the to-be filtered water is sent by the pump 16 under pressur en if turbi ials are :
accumulatéB'iFfite fitérng p%ﬁ%o%eiﬁ)ég to-%gf?%lérae%u% V\%ﬁé:rogé%iﬁ bly Eéfiltgrré%%.gl?gaglarge
amount of ¢mibidinmaceriale frechecurmiiaieiinihe filtering material 3, the filtering material 3 is washed.
More specifically, theqpump 16 is sioppedangiihe supplepipe valveriylis cidsed. Flie diadn pipe valve
1815 opened. In this state. purified yiater iseersely sentfiom Ge.ualer pinec2Luaget peessure.

According‘fé"fﬁls, he Purified Water o . nward through the filteri 9 aterial 3. Tur_tgd materials
are washef SRaAIGViATNVAPP BY ?ﬁ@ﬁdﬁéﬂ%ﬁéf%%t%tfp%&iﬁcb&%v%gf Wetﬁjr%?d materials is
generally greates than that of watewo thiel hurbicbnidteriainflodddemiwaid SR oY STHEIE ithe filtering
material 3 is washed. Watey ingluding the turhid matedalsiisdiained-throngh she deairpipe 15.
[0018]The upward-type filtering apparatus 1 of the embodiment has iety_of pqtenti plications,
and appropriate fHRYiAG MatehE! isTsefectad e th%gﬁ%ﬁﬁé: %r?a?ériaﬁ? %ggg%%an%teg wi?hlk%Zes. For
example, vendrpthengward/pas fikerihgeaphians BlECUsEQBREEGWAYd-BFaTiRerM apparatus
which filterﬁf@wé/[@gﬁlgg@@e@ifm river or the like and removes only turbid materials having
relatively large part%',c,le giargeéers,sa&g?p?{)?ecr@g%i Qf the éi&te@gg pg{@ﬁ%%, ggeygecq@ﬂmum

! | A . .

T
particle layer 11 is orfied as zf%yer of filtering sands having particle diameters_of 0.1 to 0.5 mm. If

raw water isfiltersel byXBBIHEHHNG maidiat EHaAEng SR a MRFRGBoTHET 9, dve %ne turbidity of the
raw water is39Srorthighar, 4be urbidity ofthe ilterbtiveaterdé loverbate abbANL0SFoF BxaMple, if raw

water is filtered by the.ppwardztyge filtering appargtisJsottheambodinmertheferetheuamgwater is

treated by thé slow sand filter bed and the rapid sand filter bed, there is an effect that the slow sand
filter bed aﬁk?fm?f%r?)id sand filter bed are less prone to be clogged. The upward-type filtering
apparatus 1 can berused as ari apwardstypetfiteiing sbparatEerkiERT8mMovEsFypfospdtidium. In this

case, a Iaygbg;‘agq{ﬂgﬁgavi@g padicle.diamaiersef dite S0a4ads-pravided@as thenumiim particle
layer 11 of the filte,ringé)orti(%n ghelaé%sugigar_ticgegdit Is possible to use ceramic particles, metal
particles ore(j'i’ﬁ)sos%g} BsFor examfﬂe. Fihe |Réring material 3 is formed as described above, since it
is possible to reliabBL@moveahie GoeBasHAdiLA, RS BBRradypERiRrifg 3Pparate 1°h be used
for further trgatinghwalekwbichtwasonce fitterechby thefikerryapparatos,dhaslorrsard<iiter bed or

the rapid sand filter bed, The upwardstype filtering appatatus 1 cambewsed @s adilierieg apparatus
which can éﬁ‘%cct)lvelr)r} (:Pecompose organic matter, More sI%ecificaJI , the neglirgum particle layer 11 cf
|

the filtering SRFIGPIFLMAHE BT dRAiGIERE0UE BARN-SP SHER3 TofHing The diatomaceous earth have a
feature thatvgies: miltite twiesydaredormed irhthelpargeled fdrming the diatomaceous earth, a surface

area thereof js;large. According, ig ihis sarpbic bactera arPegne-iodirasd sergemia matterdn the to-be
fitered watel 1> SRRCPLRES: dsg%z@pggefgggag@gsg@i%seobge;;n deligiaus guified water.
the upward-type filtering apparatus 1 includes a hollow
pressure container 2 having a predetermined shape, and a
filtering material 3 provided in the pressure container 2. The
pressure container 2 has a steel plate having predetermined
a thickness, and the pressure container 2 includes a
cylindrical barrel 5, a domical head 6 which is liquid-tightly
mounted on an upper portion of the barrel 5, anda domical bottom
7 which is liquid-tightly mounted on a lower portion of the
barrel 5. Since the pressure container 2 has such a shape,

the pressure container 2 is highly resistant to internal



[0019]Fig. 2 shows an upward-type filtering apparatus 1' according to a second embodiment.The
upward-type filtering apparatus 1' of the second embodiment is a filtering apparatus obtained by
deforming the upward-type filtering apparatus 1 of the first embodiment, members having similar
operations are designated with the same symbols and explanation thereof will be omitted. The
upward-type filtering apparatus I' of the second emmbodiment is different from the upward-type filtering
apparatus 1 of the first embodiment in the following points. A first different point is that the filtering
material 3 is not charged such that the filtering material 2 reaches the ceiling of the pressure container
2. In the second embodiment, a retainer plate 26 is provided on the filtering material 3, and the retainer

plate 26 is biased downwasd by springs 25,0025 Aceesding tethis othe fikeriag gnatprial is pressed
downward. A large number of holes are formed 1i:n the retain%re[gllgtneCZGG filtglgleed wafer can pass through
the holes it GRATEEdRStitulihg-the GE Pamicst Rye? the fitefing sand Howingout praveriting 17

portion 10 warr aot pasSthreagh the hsipd.aathd BECsHRéMBBYRTent also, to-be filtered water is sent

into the pressyres gontainer,dndgsweater-pregsure 0f @ Hb:VBa epbigher; bwt the retaingreplate 26
prevents the liering material & romfloating ip- A secand diferent pointis dnatthe.ig e fiered water
supply pipeeT Anhd'the outlet pI el  are separately pulled into the pressure container 2 and are
embeddednigteerbwér tayR o the fitBAnNG o . Alargé rﬁ}h?bg?&ftﬁ&ég%%%%ﬁaigh to-be

filtered water agd-etaingpnssare farsed imtheipipes tdandils: #rpasonzkifedad the artan easily

understand,fhaibe spwaidkiure fllgdaoappacatus. &' gbina secondemuetimentaaxaas the same
effect as that of the upward-type fllterlng{)aapxﬁ?ratus of t fﬁt embodi(r)netnt. In the %ngrd-type
|

filtering apparaths 1oTF%He sétdhd 2m ént'the Fiftefing m%’@?%?ké 1S preS3ed downward by the
retainer plate 26mtich §s biased bysthéapiings 28 arid ZhAlErAsRelyIhe flédT matéRal 3 may be

pressed doyiapsh by apredeterminesoneight iieses themmembet whigh prassesdownithe filtering
material 3 is not limited to the retainer plate 26 k?:i?[lse%gg dbe sprngs:25, and;any membeycan be used
only if it is 6&%igl‘:’értolprevenfat%e |I¥erlng material 3 from oating up against water pressure of

supplied toelfiesrad svater JO02EHA e ApwArE-§F filtehng aipard@R 5 Re JRvaSype filtering
apparatus 106 the ershedinents, the ta-hesfilteted wattatebhe sapptiedwansalsd bexé&formed. That is,

bactericidalagepj such.axsodumavpachioisday beduhd iniaiheslpda figedvaiebwhich is
;upplled to the upwar -,t. pe filtering apparatus 1or c_:hemlcal agent may not b%:{nlxeq toéhg to-be
filtered watér. WhEef sb ﬁtﬁﬁ]ﬁﬁﬁgcﬁﬁﬁ% i§ YR Fitl e ?ﬁﬁgﬁﬁgﬁe Rf&t and the to-be filtered
water is supplietrtattbe upwaltfpé fikerimpappatatesi19 sinselniismbedeid ade byvéed e filtering
material 3, there is,ap effact thatdbe filtering material3 islesspeensio beeloggedoveidhe long term.
When Cheng)lgarlt%gce é%nr_]grtn@tlz)éerdsaﬁgé%#g fil'éerr%dew aiI%Hrsl %uegxlﬂeedrtolwer toward an

upper layer of the filtering sand flowing-out preventing

portion 10. That is, a minimum particle layer 11 is disposed

in an intermediate portion of the filtering material 3 and

sandwiched between upper and lower layers having large

particle diameters. Since the particle diameters of the

filtering portion 9 become smaller inadirection in which to-be

filtered water flows, the filter is less prone to be clogged,

and since the filtering sand flowing-out preventing portion

10 is provided, this prevents particles of the filtering

portion 9 from flowing outside. In this embodiment, the

filtering material 3 laminated in this manner is charged such

that the filtering material 3 reaches a ceiling, i.e., a head

6 of the pressure container 2. Since the filtering material

3 ig formed as described above, even if predetermined water

pressure is applied to to-be filtered water, the filtering

material 3 is prevented from floating up or from scaring. In

the upward-type filtering apparatus 1 of the embodiment, the



18 upward-type filtering apparatus 1, microbes breed in the filtering material 3 and biological films are
formed. In this case, there is an effect that organic matter is decomposed by the biological films. The
microbes of the biological films are aerobic, but if the amount of oxygen included in the to-be filtered
water is small, biological films are only thinly formed and organic matter cannot sufficiently be
decomposed. If sufficient oxygen is mixed into theé4o-be filtered water and the to-be filtered water is
supplied to the upward-type filtering apparatus 1, biological films are thickly formed and organic matter
is efficiently decomposed. Fig. 3 shows the upward-type filtering apparatus 1 which exerts such an
operation. In this configuration, a minute air bubbles generating tank 28 is provided upstream of the

upward-type fitering apparatys; 4:and aJpinute-air bubbles:geretalingapparalis 28 which generates

air bubbles of 80 'Am ar_less is provided in the mjnute air bubble e\gg@)t}L tank 28. Aurning-type
minute airbtbBleyyenttatity Bsparifust e%%ri%éd Fn%faptajh%ge %gtentPug%:étion No0.3397154

(JP3397154careiedmpteyee dsstheahinbtelaieBubbles generating apparatus 29 for example. The
pump 16 whieh sends to-beifiltered yalerta-theda-hefiteretowatersipply pipe t4 Urmleepressure is
also provided.in the minute air bubhles generating tank 2. rding 19 this,canfiguratiom to-be

filtered wa?&qsqéngé ggln?iﬁt% the f%lln%t% a%%ubbles genge?a%tlgﬁgtank 28, and aojlr Qlit% les_of 10 to 80

um are misied:fifo e BB Fiered WaReRRHRIRR e Sirtibbiesénsrating apparatus 29 such that
air bubbles gxist20@/mie oI Mater Fhghosbeifitered watecindialing Aimae airBUEBIEs 1:8upplied to

the upward-fype filtaring,apparaius 4 through ihe auppclb-andithe torherfiltered watensepply pipe 14.
Since the air bubblesare sufficientI% minut%é t egir bubc Iesoﬂc%w ]t:hr yabh t?%ﬂg%rljp%gpéerial 3
together WRAERS td-beFerdd water 4rd-iRe i bibbies do ot hinder the filtering operation. Since the

to-be filterechdatérincloassufitian G§geAnbRIRch FinsRradeBrZe bt backfiadte thickly 19

formed in thediltering material 3 Therefoseparganic matieninstheptoihesfitterdonatdrtis effitiently

decompos‘(’evg.ter under water pressure of 0.05 MPa or higher and a supply
pipe valve 17 are provided in the to-be filtered water supply
pipe 14. A drain pipe valve 18 is provided in the drain pipe
15. A water pipe 21 through which filtered water is sent to
cutside is connected to an upper end 20 of the pressure
container 2.
[0017] An operation of the upward-type filtering
apparatus 1 according to the embodiment will be described. In
the upward-type filtering apparatus 1, the supply pipe valve
17 is opened and the drain pipe valve 18 is closed. The pump
16 is operated and to-be filtered water is supplied under water
pressure of 0.05 MPa or higher. According to this, the to-be
filtered water is supplied from a lower portion of the pressure
container 2, and flows in the filtering portion 9 of the
filtering material 3 upward. Turbidmaterials included in the
to-be filtered water are captured in the layers of the filtering
portion 9 in accordance with the particle diameters.
Therefore, the to-be filtered water is filtered by the entire
filtering portion 9, and turbid materials are not centered only
inaparticular layer. The filteredwater flows upward through
the filtering sand flowing-out preventing portion 10 and is
sent out from an upper portion of the pressure container 2
through the water pipe 21. Since the to-be filtered water is
sent by the pump 16 under pressure, even if turbid materials

are accumulated in the filtering portion 9, the to-be filtered



[0021]Next, an upward-type filtering apparatus in which the filtering material 3 can easily be washed
will be described. An example which will firstly be described is a filtering apparatus in which two
upward-type filtering apparatuses la and Ib of the embodiment are combined, and is shown in Fig. 4.
Here, "a" is added to symbols of members which belong to the first upward-type filtering apparatus la,
and "b" is added to symbols of members which belong to the second upward-type filtering apparatus
2b. First and second to-be filtered water supply pipes 14a and 14b supply to-be filtered water to the
first and second upward-type filtering apparatuses la and Ib, respectively. The first and second to-be
filtered water supply pipes 14a and 14b are branched off from the to-be filtered water supply main pipe
31 which ig 0@8@%%9”9&%8?;9”}9@1% isproyided inthe to-be filtereshwater supply main @ipe 31. First
and second ¢ supply pipe valves™17a and 17b are prowdeg in the first and tseconqstos-be {lﬁgred water
supply pip‘@éﬁ@f’é]aﬁ%sl@df Fe Y TS ad 68Bn Jogrg‘l%%}ﬁlgs T84 8hd T5bare connected to
the first antliSecontupweardetype filtering apparatdsesieandipaespéciehy ard fsPER& second
drainpipe vajves 18a3ndd 8k are peoyidegiiy hedissiandsecond drainpies 15aant-25h,

respectively, and the first and second drain pipes 15a.an tgéner e With.a drajnage main pipe 32.
First and S8tBd Watdipipés 2Ta Shd aigarep%%n%%%t%d%é%e first and second upward-type filtering

apparatusesieeand by resgadtivelyr afd drB%n coRiRtnidaliBR with eadhifer BINtS48"dnnected to a
water mainpipe:38. iyWate - mak, pipeevalve- 34 ie providec irf thewwatermaiapipé B8C[0H22]An
operation of the filteri Anga including the.gombinafiopof {he Bve upwasdhge Biesing
apparatus%sh a gr:fd(E Fbg\%l e %sl%iﬁggfpﬁrst, to-be filtered water is filte.rgd in the follgwin manner.

That is, thEAHERERE SN S FRRF pibe SRIVES BFa BHE £75°5Td TR Water méin pipe valve 34 are
opened, anththe firsh dddrsevendadtsinpipe vakes 12( kBecarice18b2re J&5d.9h MaE5{A) , the
opened statg is shown in white £9lof and the,closeatate issshayeminhlackisalor iEhe ptvap 16 is

operated. To-be filtered water is supplied from the first sec to; filteredvatersupply pipes
14a and 146 to e it S gér@'oan% g’pv:\?asrdv-vt?/%%?ﬁsférin%%gcpeprarg'tqu%eél a ar%((ja Ib. The to-be filtered

water is upwaire filtefer] throutfrrthsite iy Pateriaii S L4 3b BhB%s &ent outside from the first and
second watef riges 21a anch2lbdbresgh thepeatef Main pipey332 {R0233H peedétemiingehfiitering time

is elapsed, one af.the first and seco -type filteringappara $a apd b is bagksvashed and
the fiIteringe%%?;%r%Tse §§ ar%‘d?L 3b %requ\%gs%\gggﬂw%gn t%e secand up\éﬁg-t)l/&el efiltﬂi% a]pggratus Ib is to

be washed®RESPBWHAR Fid. 15 3 1 hge RAESHPBIY pifle TENBATR AR the Sedond drain pipe valve
18b are opgaeddnd.the second supplspipe walvl 1@bethe firBpdrafxpipehvalverigiiafdithe water

][Tain Sipe \@mgé%%%@S@Qﬁgﬁ%ﬁ@%@ﬁ&ﬁ&@%ﬁ|t§ged1\y@@ral§ Sﬁaﬁpﬁ@ﬁvﬁem&rﬁﬁﬁsh tor_ube
iltered water supply pipe 14a to the first upward-type filtering apparatus is filtered, and the
filtered Watéﬁps%é?ﬁ%nmafﬁgtt\ﬁgte?%%ég‘?% (ft"fﬁer geé:%\’é vglgtgregipg}%%lﬁrég sgr]tO filtered water

is supplied 14t segorichepWariay paflitarmipagsaralsyb ARG fBudR e fMtefiHgTmaterial 3b
downward.That is,ae filtesed;wasgr-back washendhe filteriag matesiahdbt TLalyie:matetiaks which are

accumulateg,i the filtering material 3b flowy dovxgmar[q together with filtered water,andhare[drained
from the se %n&%%éﬂgpi%%rl%?gnf’aré d?aiihe to ou%side thr,ouygh the draina %{main iPe 32. On the

other hand fmkasha gt LpvRFd peiflefh g S aits RAY 10D REERET RS SRBWR TR Big. 5 (C)
the secondsgpplyLpipe \elge difh armtthesfirstetain pipe Fdllé ¢8adrbwpenedt thethsi&dply pipe

valve 17a, lhg.second dralaing valerlab angbe tvaasanainips valve 34 are elaseds Agcording fo
this, to-be filtlered water is supplied from the second supply tpip%vglvg 17@8&@?&8@% ggward-type
filtering appafatisIb AR R ferad, Hha ﬁ?élﬁ&gFé%Ma‘E%fe UroLieity ©

water is lowered to about 10. For example, if raw water is
filtered by the upward-type filtering apparatus 1 of the
embodiment before the raw water is treated by the slow sand
filter bed and the rapid sand filter bed, there is an effect
that the slow sand filter bed and the rapid sand filter bed
are less prone to be clogged. The upward-type filtering
apparatus 1 can be used as an upward-type filtering apparatus
which removes cryptosporidium. In this case, a layer of
pafticles having particle diameters of 1 to 50 um is provided
as the minimum particle layer 11 of the filtering portion 9.



21 is sent from the second water pipe 21b to the first water pipe 21a. The filtering material 3a of the
first upward-type filtering apparatus la is back washed with the sent filtered water, the washing water is
drained from the first drainpipe 15a and is drained to outside through the drainage main pipe 32.
[0024]If the back washing operation is completed, the first and second supply pipe valves 17a and 17b
and the water main pipe valve 34 are opened, andahe first and second drain pipe valves 18a and 18b
are closed. If the pump 16 is operated, it is possible to filter water again. If the valves 17a, 17b, 18a
are operated by a predetermined controller having a timer, it is possible to automatically and
periodically back wash. If the first and second upward-type filtering apparatuses la and Ib are

combined in this manget, not.ealy it isypassible o, wash easily but alspdhete isexeerkip store
washing purified water. [0025]Next, as an example of an upward-type fllterTeq appﬁrgtus capable of
easily washfigithe RErngThaRi&’s, gr]r?]f)ﬁ/afga-filﬁé?ﬁtsg 1 ’ 555

ng aﬁpa?aﬁﬁén T according to a'third
embodimeft dapable:of waskingdhe Jiltedng enatedalEdwith 36 bk redWeger Willeeddseribed. The
upwarg-':ygesg:';gg%§gg@ratg§ Icqu;jrl]ig%g’_ljgd Wb ; imenthas aeppfiguiadion siniar tocthe
upward-type filtering apparatus 1 of the first embodiment. hown jn_Eig. 6, me rting the
same oper‘éﬁé"r?lél v eofa%ﬁé %Sﬁé?&ty%%&ﬁtreﬁﬁg%pqag%i %\%ft geﬁgst%acr{npbpr%?r%?ﬁm@ge ’
designated-with fHgsan@sath ol ik Wasiffg 1PE 38 Hirdhgh Shichyo-bBFiltdred WHShilg water is
supplied tastppdiltering potian 8 bbthe fitieriy. aterial’liscembeeddedin thesapiafd-fyperiltering

apparatus Je.of the.dhird embaciment, Mareyspeciicgli,he washing pine.384s eaibeddacin a layer
under the minimum particle layer 11°of the flltergg portion 9,Whl%fh is.in aqllacent to the minimum
r

particle layBt 1 & iatde RIATE O SR GRNTERr RbkS 20TaTe Frisd T Meswashing pise 38, and
to-be filterethwater is injectedsprecthé fitelidy mafetian29imum particle layer 11 of

the filtering portion 9 is made of diatomaceous earth.
Particles forming the diatomaceous earth have a feature that
since minute holes are formed in the particles forming the
diatomaceoug earth, a surface area thereof 1is large.
According to this, aerobic bacteria are prone to breed, organic
matter in the to-be filtered water is appropriately decomposed
and it is possible to obtain delicious purified water.

[0019] Fig. 2 shows an upward-type filtering apparatus
1' according to a second embodiment. The upward-type
filtering apparatus 1' of the second embodiment is a filtering
apparatus obtained by deforming the upward-type filtering
apparatus 1 of the first embodiment, members having similar
operations are designated with the same symbols and
explanation thereof will be omitted. The upward-type
filtering apparatus 1' of the second embodiment is different
from the upward-type filtering apparatus 1 of the first
embodiment in the following points. A first different point
is that the filtering material 3 is not charged such that the
filtering material 3 reaches the ceiling of the pressure
container 2. In the second embodiment, a retainer plate 26
is provided on the filtering material 3, and the retainer plate
26 is biased downward by springs 25 and 25. According to this,
the filtering material 3 is pressed downward. A large number
of holes are formed in the retainer plate 26, filtered water
can pass through the holes but gravels constituting the

uppermost layer the filtering sand flowing-out preventing



3 through the holes 40 but particles constituting the layer 37 can not enter the washing pipe 38 from
the hol_es 40. In the third embodiment, a water pipe valve 36 is provided in the water pipe 21. [0026]An
operation of the upward-type filtering apparatus Ic of the third embodiment will be described. When
to-be filtered water is to be filtered, as shown in Fig. 7(A), the supply pipe valve 17 and the water pipe
valve :_%6 are opened. The drain pipe valve 18 is d@sed. The pump 16 is operated. Then, to-be filtered
water is supplied from the to-be filtered water supply pipe 14 to the pressure container 2 under water
pressure of 0.05 MPA or higher . The to-be filtered water flows upward through the filtering material 3
and is filtered and the filtered water is sent from the water pipe 21 to outside. If turbid materials are ’

accumula@g]}@ 1hg filtesinganateral $4be filtering efficieney isslpteriorated. The fikeringuhaterial 3 is

washed in the IIowm nner Th tls t suppl Nalve 17 and th
water plpe gl B e & ci)lsed as sr?)own |ngf:8%r%§ %7 'It%g cciir%\?r% glgg%?v@g leBHie M}gfe% Next, to-be °
J@ﬁ%a or

filtered wateris supgieRireRtde Wastifg E?ﬁf*es@ﬁﬁdé’rfwgte(? 8% 0 Uhlgher for
example. Ageordingstorthis, po-bediltesed matemsuspplied farhtthe Washieg-pipes88 flos¥Rrough the

fitering popiony. Qgﬁg ygrd. At that time; tusbiematesialsaseumulatectindhe filtesinggpostion 9 also
flow downwar er with raw water. That is, the filtering portion g is wa, hed I\/i%st gf_,glrbld
materials &é%ﬁ%léf@&ﬁﬂhﬁ‘fﬁmrﬁwﬁjﬁ%ﬁlc}e Iayerdl %1e I8y& 5 ukder the minimum particle

layer 11 asejrattetadigitydhéfesd, bimsipceite v@%ﬁméebecfﬂi’éi?éﬂl%i‘ér i ifededFthe layer 37,
itis pOSS'bé?n@e‘afé@&flth’t\%aéhmmt@aw@Qmomrﬂa Fulther; sitge therwatewpipervalveds is closed,

the washing to-b fIt t fl
e faad el doesdl OMV.%e]rgc%gngxq@eggaanvsg%g@eamsaegi@wung -out

preventin |s was |n raln a e was operation flows_only dow d. Th
washing dess s apamé‘daﬁan@@?tsvdé tHPSuGHRRE 93 and 157 *X person Sk [y gpgrerd. The

the art can easily understand that the upward-type filtering
apparatus 1' of the second embodiment exerts the same effect
as that of the upward-type filtering apparatus 1 of the first
embodiment. In the upward-type filtering apparatus 1' of the
second embodiment, the filtering material 3 is pressed
downward by the retainer plate 26 which is biased by the springs
25 and 25. Alternatively, the filtering material 3 may be
pressed downward by a predetermined weight. Here, the member
which presses down the filtering material 3 is not limited to
the retainer plate 26 biased by the springs 25, and any member
can be used only if it is possible to prevent the filtering
material 3 from floating up against water pressure of supplied
to-be filtered water.

[0020] In the upward-type filtering apparatus 1 or the
upward-type filtering apparatus 1' of the embodiments, the
to-be filtered water to be supplied can also be deformed. That
is, bactericidal agent such as sodium hypochlorite may be mixed
into the to-be filtered water which is supplied to the
upward-type filtering apparatus 1 or chemical agent may not
be mixed into the to-be £filtered water. When sodium
hypochlorite is mixed into the to-be filtered water and the
to-be filtered water is supplied to the upward-type filtering
apparatus 1, since microbes do not breed in the filtering
material 3, there is an effect that the filtering material 3
ig less prone to be clogged over the long term. When chemical

agent is not mixed and to-be filtered water is supplied to the



outlet_pipe 15. If the washing operation is completed, the filtering operation can be resumed. However
even |_f Fhe washing operation is repeated by this method, if minute turbid materials are accumulated ir;
the minimum particle layer 11, the filtering efficiency is gradually deteriorated. In such a case, the
fllterlng material 3 is washed in the following manner. A predetermined amount of filtered Wat’er which
was filtered by the upward-type filtering apparatusdc is stored in an external tank or the like. The pump
16 is stopped and the supply pipe valve 17 is closed as shown in Fig. 7(C). The water pipe valve 36
fand the drain pipe valve 18 are opened. The stored filtered water is supplied from the water pipe 21
into the pressure container 2 under predeteLmined water pressure. According to this, the filtered water

flows through the filterin terial 3. dow and at that ti ' lalg in iKeri [
3 are alsol%%%%reé .;vafygdrévpi/lr‘liy\%rﬁs.@ at | ,_tr%e filterin qnﬂat@r%ly.égg%ég?\%v%%ﬁemmeﬂiﬁ?r:g%rgiite“al
after the waish i€ Bidifciab Sriside 1HBGGh R 8t pipe 18 Eifdt Exfarimerit [gba\ﬁrnlt%e
upward-type fleringeppatatusri #fwhich thieanimmuemparticks lager 13 BeragPerartieles having
CryprospOTT bl TamOvaa e (ol Sxomrments Wert cariacat f Candi
‘ ed, ng experiments were carried. ou jtions:

Shape of tﬁg%r‘é%&%%htgfﬁérlzf. Ci %Igﬂ%%ﬁlr?g ?ﬁ%ﬁyﬁef cﬁwnﬁie%%%f%%%;sﬁﬂ%%?%g;?j c(rln) X 4
cm x 3.14 £i50:24 em2v(@) Minikerepatidle 18/ 1T #fieknesd Breo hR: Qatahichinty

formed and organié matter can not sufficiently be decomposed.
Tf sufficient oxygen is mixed into the to-be filtered water
and the to-be filtered water is supplied to the upward-type
filtering apparatus 1, biological films are thickly formed and
organic matter is efficiently decomposed. Fig. 3 shows the
upward-type filtering apparatus 1 which exerts such an
operation. In this configuration, a minute air bubbles
generating tank 28 is provided upstream of the upward-type
filtering apparatus 1, and a minute air bubbles generating
apparatus 29 which generates air bubbles of 80 um or less is
provided in the minute air bubbles generating tank 28. A
turning-type minute air bubbles generating apparatus
described in Japanese Patent Publication No.3397154
(JP3397154) can be employed as the minute air bubbles
generating apparatus 29 for example. The pump 16 which sends
to-be filtered water to the to-be filtered water supply pipe
14 under pressure is also provided in the minute air bubbles
generating tank 28. According to this configuration, to-be
filtered water is once sent into the minute air bubbles
generating tank 28, and air bubbles of 10 to 80 um are mixed
into the to-be filtered water by the minute air bubbles
generating apparatus 29 such that air bubbles exist 200/mL or
more. The to-be filtered water including minute air bubbles
is supplied to the upward-type filtering apparatus 1 through
the pump 16 and the to-be filtered water supply pipe 14. Since
the air bubbles are sufficiently minute, the air bubbles flow
through the filtering material 3 together with the to-be
filtered water and the air bubbles do not hinder the filtering
operation. Since the to-be filteredwater includes sufficient

oxygen, biological f£ilms made of aerobic bacteria are thickly



particles of particle diameters of 1 to 50 pm A product nceramicsand” produced by Yugenkaisha
Takeori Kougyousho was used as the ceramic particles (3) Water pressure of to-be filtered water: 0.1
MPa B. Experiment: Tap water was poured into an experimental water tank, 24 a predetermined
amount of pseudo particles of cryptosporidium were added and they were stirred sufficiently. Then, the
water in the water tank was pressurized by the pump 16, the water was sent to the upward-type
filtering apparatus 1 under pressure and filtered. As the pseudo particles of

formed in the filtering material 3. Therefore, organic matter
in the to-be filtered water is efficiently decomposed.
[0021] Next, an upward-type filtering apparatus in which
the filteringmaterial 3 can easily be washed will be described.
An example which will firstly be described is a filtering
apparatus in which two upward-type filtering apparatuses la
and 1b of the embodiment are combined, and is shown in Fig.
4. Here, "a" is added to symbols of members which belong to
the first upward-type filtering apparatus la, and "b" is added
to symbols of members which belong to the second upward-type
filtering apparatus 2b. First and second to-be filtered water
supply pipes l4a and 14b supply to-be filtered water to the
first and second upward-type filtering apparatuses la and 1b,
regpectively. The first and second to-be filtered water
supply pipes 1l4a and 14b are branched off from the to-be
filtered water supply main pipe 31 which is one pipe, and the
pump 16 is provided in the to-be filtered water supply main
pipe 31. First and second supply pipe valves 17a and 17b are
provided in the first and second to-be filtered water supply
pipes l4a and 14b, respectively. First and second drain pipes
15a and 15b are connected to the first and second upward-type
filtering apparatuses la and 1lb, respectively, and first and
second drain pipe valves 18a and 18b are provided in the first
and second drain pipes 15a and 15b, respectively, and the first
and second drain pipes 15a and 15b merge with a drainage main
pipe 32. First and second water pipes 21la and 2lbare connected
to the first and second upward-type filtering apparatuses la
and 1b, respectively and are in communication with each other,
and are connected to a water main pipe 33. A water main pipe
valve 34 is provided in the water main pipe 33.

[0022] An operation of the filtering apparatus including
the combination of the two upward-type filtering apparatuses
1a and 1b will be described. First, to-be filtered water is
filtered in the following manner. That is, the first and
second supply pipe valves 17a and 17b and the water main pipe

valve 34 are opened, and the first and second drain pipe valves



cryptosporidium,a product”cryptracer”(registered trademark) produced by Nihon Koken Kogyo Co.,
LTD. and Japan water research center was used. C. Result: (l) Filtered water was checked, and the
pseudo particles of cryptosporidium were not found. It could be confirmed that the cryptosporidium
could completely be removed. (2)At that time, water of 7,573 =3 was filtered for 6 minutes. The filtering

speeo_l was 7,573 cm3/50.24 cm2/6 minutes = 25 Zin/minute. Therefore, the filtering speed is 25
cm/minute = 15 m/h = 360m/day.

18a and 18b are closed. InFig. 5(2), the opened state is shown
in white color and the closed state is shown in black color.
The pump 16 is operated. To-be filtered water is supplied from
the first and second to-be filtered water supply pipes 14a and
14b to the first and second upward-type filtering apparatuses
1a and 1b. The to-be filtered water is upward filtered through
the filtering materials 3a and 3b and is sent outside from the
first and second water pipes 21la and 21b through the water main
pipe 33.

[0023] If predetermined filtering time is elapsed, one
of the first and second upward-type filtering apparatuses la
and 1b is back washed and the filtering materials 3a and 3b
are washed. When the second upward-type filtering apparatus
1b is to be washed, as shown in Fig. 5(B), the first supply
pipe valve 17a and the second drain pipe valve 18b are opened,
and the second supply pipe valve 17b, the first drain pipe valve
18a and the water main pipe valve 34 are closed. According
to this, to-be filtered water is supplied from the first to-be
filtered water supply pipe 1l4a to the first upward-type
filtering apparatus la and is filtered, and the filtered water
is sent from the first water pipe 2la to the second water pipe
21b. The sent filtered water is supplied to the second
upward-type filtering apparatus 1b, and flows through the
filtering material 3b downward. That is, the filtered water
back washes the filtering material 3b. Turbidmaterials which
are accumulated in the filtering material 3b flow downward
together with filtered water and are drained from the second
drain pipe 15b, and are drained to outside through the drainage
main pipe 32. On the other hand, when the first upward-type
filtering apparatus la is to be washed, as shown in Fig. 5(C),
the second supply pipe valve 17b and the first drain pipe valve
18a are opened, the first supply pipe valve 17a, the second
drain pipe valve 18b and the water main pipe valve 34 are closed.
According to this, to-be filtered water is supplied from the
second supply pipe valve 17b to the second upward-type

filtering apparatus 1b and is f£iltered, and the filtered water



Second Experiment [0028]A test was carried out under the same conditions as those of the first
experiment except that water pressure of to-be filtered water was set to 0.05 MPa. Result: (A) The
pseudo particles of cryptosporidium were not found. (B) Filtering speed/h or day was as follows:
168m/day It could be confirmed that in the upward-type filtering apparatus 1 in which the minimum
particle layer 11 was made of particles of particle giameters of 1 to 50 um, co-be filtered water was
reliably filtered, and cryotosporidiumwas reliably

is sent from the second water pipe 21b to the first water pipe
21la. The filtering material 3a of the first upward-type
filtering apparatus la is back washed with the sent filtered
water, the washing water is drained from the first drain pipe
15a and is drained to outside through the drainage main pipe
32.

[0024] If the back washing operation is completed, the
first and second supply pipe valves 17a and 17b and the water
main pipe valve 34 are opened, and the first and gsecond drain
pipe valves 18a and 18b are closed. If the pump 16 is operated,
it is possible to filter water again. If the valves 17a, 17b,
18a are operated by a predetermined controller having a timer,
it is possible to automatically and periodically back wash.
If the first and second upward-type filtering apparatuses la
and 1b are combined in this manner, not only it is possible
to wash easily but also there is no need to store washing
purified water.

[0025] Next, as an example of an upward-type filtering
apparatus capable of easily washing the filtering material 3,
an upward-type filtering apparatus lc according to a third
embodiment capable of washing the filtering material 3 with
to-be filtered water will be described. The upward-type
filtering apparatus 1c of the third embodiment has a
configuration similar to the upward-type filtering apparatus
1 of the first embodiment. As shown in Fig. 6, members exerting
the same operation as those of the upward-type filtering
apparatus 1 of the first embodiment are designated with the
same symbols. A washing pipe 38 through which to-be filtered
washing water is supplied to the filtering portion 9 of the
filtering material 3 is embedded in the upward-type filtering
apparatus 1c of the third embodiment. More specifically, the
washing pipe 38 is embedded in a layer under the minimum
particle layer 11 of the filtering portion 9 which is in
adjacent to the minimum particle layer 11. A large number of
small-diameter holes 40 are formed in the washing pipe 28, and

to-be filtered water is injected into the filtering material



removed. Explanation of Symbols [0029] 1upward-type filtering apparatus 2pressure container
3filtering material 5barrel 6head 7bottom

22

3 through the holes 40 but particles constituting the layer
37 can not enter the washing pipe 38 from the holes 40. 1In
the third embodiment, a water pipe valve 36 is provided in the
water pipe 21.

[0026] An operation of the upwafd-type filtering
apparatus 1lc of the third embodiment will be described. When
to-be Filtered water is to be filtered, as shown in Fig. 7 (A),
the supply pipe valve 17 and the water pipe valve 36 are opened.
The drain pipe valve 18 is closed. The pump 16 ig operated.
Then, to-be filtered water is supplied from the to-be filtered
water supply pipe 14 to the pressure container 2 under water
pressure of 0.05 MPA or higher. The to-be filtered water flows
upward through the filtering material 3, and is filtered and
the filtered water is sent from the water pipe 21 to outside.
Tf turbid materials are accumulated in the filtering material
3, the filtering efficiency is deteriorated. The filtering
material 3 is washed in the following manner. That is, the
pump 16 is stopped and the supply pipe valve 17 and the water
pipe valve 36 are closed as shown in Fig. 7 (B). The drain pipe
valve 18 is opened. Next, to-be filtered water is supplied
from the washing pipe 38 under water pressure of 0.05 Mpa or
higher for example. According to this, to-be filtered water
supplied from the washing pipe 38 flows through the filtering
portion 9 downward. At that time, turbid materials
accumulated in the filtering portion 9 also flow downward
together with raw water. That is, the filtering portion 9 is
washed. Most of turbid materials are accumulated in the
minimum particle layer 11, the layer 37 under the minimum
particle layer 11 and in the vicinity thereof, but since the
washing to-be filtered water is injected to the layer 37, it
is possible to efficiently wash the filtering portion 9.
Further, since the water pipe valve 36 is closed, the washing
to-be filtered water does not flow to a location higher than
the filtering sand flowing-out preventing portion 10. That
is, washing drain after the washing operation flows only

downward. The washing drain is drained to outside through the



9_fi|tering portion 10filtgring sand flowing-out preventing portion 11minimum particle layer 14to-be
filtered water supply pipe 15drain pipe 16pump 17supply pipe valve 18drain pipe valve
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outlet pipe 15. If the washing operation is completed, the
filtering operation can be resumed. However, even if the
washing operation is repeated by this method, if minute turbid
materials are accumulated in the minimum particle layer 11,
the filtering efficiency is gradually deteriorated. 1In such
a case, the filtering material 3 is washed in the following
manner. A predetermined amount of filtered water which was
filtered by the upward-type filtering apparatus 1c is stored
in an external tank or the like. The pump 16 is stopped and
the supply pipe valve 17 is closed as shown in Fig. 7(C). The
water pipe valve 36 and the drain pipe valve 18 are opened.
The stored filtered water is supplied from the water pipe 21
into the pressure container 2 under predetermined water
pressure. According to this, the filtered water flows through
the filtering material 3 downward and at that time, turbid
materials in the filtering material 3 are also washed away
downward. That is, the filtering material 3 can be washed.
Washing drain after the wash is drained to outside through the
outlet pipe 15.

First Experiment

[0027] In the upward-type filtering apparatus 1 in which
the minimum particle layer 11 is made of particles having
particle diameters of 1 to 50 pm, to make sure that to-be
filtered water is reliably filtered and cryptosporidium is
reliably removed, the following experiments were carried out.
A. Conditioms:

(1) Shape of the pressure container 2: circular having radius
of 4 cm

Area of cross section: radii 4 cm x 4 cm x 3.14 = 50.24 cm®
(2) Minimum particle layer 11: thickness of 10 mm: ceramic
particles of particle diameters of 1 to 50 um

A product "ceramicsand" produced by Yugenkaisha Takeori
Kougyousho was used as the ceramic particles

(3) Water pressure of to-be filtered water: 0.1 MPa

B. Experiment:

Tap water was poured into an experimental water tank,
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a.predetermined.amountcﬂfpseudc>particles of cryptosporidium
were added and they were stirred sufficiently. Then, the water
in the water tank was pressurized by the pump 16, the water
was sent to the upward-type filtering apparatus 1 under
pressure and filtered. As the pseudo particles of
cryptosporidium, a  product "cryptracer" (registered
trademark) produced by Nihon Koken Kogyo Co., LTD. and Japan
water research center was used.
C. Result:
(1) Filtered water was checked, and the pseudo particles of
cryptosporidium were not found. It could be confirmed that
the cryptosporidium could completely be removed.
(2) At that time, water of 7,573 cm® was filtered for 6 minutes.
The filtering speed was 7,573 cm’/50.24 cm?/6 minutes = 25
cm/minute. Therefore, the filtering speed is 25 cm/minute =
15 m/h = 360m/day.
Second Experiment
[0028] A test was carried out under the same conditions
as those of the first experiment except that water pressure
of to-be filtered water was set to 0.05 MPa.
C. Result:
(A) The pseudo particles of cryptosporidium were not found.
(B) Filtering speed/h or day was as follows: 168m/day

Tt could be confirmed that in the upward-type filtering
apparatus 1 in which the minimum particle layer 11 was made
ofparticlesof;mxticlediametersof].U:SOum,to—befiltered
water was reliably filtered, and cryptosporidium was reliably
removed.

Explanation of Symbols

[0029]

1 upward-type filtering apparatus
2 pressure container

3 filtering material

5 barrel

6 head

7 bottom



[Claim 1] An upward-type filtering apparatus comprising a pressure container and filtering material
which is placed in the pressure container and which is made of gravels, filtering sands and patrticles, in
which to-be filtered water is supplied from a lower portion of the pressure container and is filtered
upward, filtered water is obtained from an upper portion of the pressure container, wherein the
filtering material comprises a filtering portion incluging a plurality of layers which are laminated on one
another such that particle diameters thereof are gradually reduced from a lower portion toward an
upper portion of the filtering portion, and a filtering sand flowing-out preventing portion including a
plurality of layers which are located on the filtering portion and which are laminated on one another
such that p. rti(_:le Qiameteritq%rg%_ ar %rgggﬁ%incre_ased from a lower po_rtio_n toward an upper
portion of the filtering sand fbwmg-pu preventing portion, the filtering material is charged into the
pressure céftainer such thﬁtiﬂﬂ‘é@fﬁtje?iﬂgﬁﬁ%rigi@%ﬁ@s' QERilMEFRE pRSSBRF EomAiner, and

the to-be fiftered water is sugplietintotietpre3suré apatainer under water pressure of 0.05 MPa or
higher. [Clgign 2] An upwarg-cgyﬁg%filfqrir}gegg@r@g@eqpn@irMaﬁg@sure container and filtering
material which is placed in the pressure container and which is made of gravels, filtering sands and
particles, i Which to-be filtgfé%]\ﬁat%FPsesupplied from a lower portion of the pressure container and is
filtered upwvidrd, filtered watewigrobtained from an upper portion of the pressure container, wherein
the filteringgmaterial compriseg gufitesintgapariar-including a plurality of layers which are laminated on
one anothef 8such that partigllgadi%me:tiers tt\lferf_\%are gradually reduced from a lower portion toward an
upper portion of the filtering porjflon?aﬁg a fla[tering sand flowing-out preventing portion including a
plurality of Balyers which are"e&fedBiPthe filtering portion and which are laminated on one another
MCSLLP 2Zsuch that partickecdiametersthereof are gradually increased from a lower portion toward
an upper pogtion of the filtering sand flowingsouh preventing-pertian, tanihe to-be filtered water is
supplied ingogthe pressure container under W%%e{gressure of 0.05 MPa orpégch&r;, and

minute air bu S generating appa

38" washing pipe



the filtering material is forcibly pressed down by a retainer member or a weight from above so as to
suppress a case where the filtering material floats up by water pressure. [Claim 3] The upward-type
fllterlng apparatus according to claim 1 or 2, wherein a minimum particle layer of the filtering portion
comprises a layer of filtering sands having particle diameter of 0.1 to 0.5 rm@oigbaim 4] The
u_pward-type filtering apparatus according to clainpg or 2, wherein a minimumoparticle layer of the
filtering portion comprises a layer of filtering sands having particle diameters of 1 to 50 !_mt. [Claim 5]
T_he upward-type filtering apparatus according to any one of claims 1 to 4, wherein air bubbles of
diameters of 80 p.m or less are mixed into the to-be filtered water, and they are supplied to the

: Eresrs]ure_ conltainer. [Claim 6] The upward-type-filiefing apparatus according to any one of claims 1 to
, Wherein a lower portion of the pressure container is provided with a to-be filtered water supply pipe

having a suppiy bﬁ‘bédalve%d%iﬁ?ﬁ%’rﬁmpé having L ar iy Bieaie, R GPpet portich of the

pressure cpttainatispravided with awatdrigipe havingra patsrapipelvaie, bslardeAGRMbER of holes

are formedip 2 washing pine, the, washing-ping-s embedded dnarlayeswhieh) i adiesentis a lower
side of the minimum patrticle Iaé/

_ r of the filtering portion, _. - If the su ipe.v the water
pipe valve SPeRBd &id the &eﬁf’n' pipe Vave'is'c os?é%,%nld{;l?%oéée f#t%%gd Wa%¥§ﬁs§§§ied from the
to-be filteretiwater 3upisly mpe Hhered Wwaier WHER HHETRGBEDYTRE ffingeriate 858 Supplied
from the watsy;pire, into; oulsices apdtexr if shesupphy saipes vatue andutbpavater pipeoralve are closed

and the draiq pine valye, is.onened, apd if o filered MC:3[JY

the filtering material comprises a filtering portion
including a plurality of layers which are laminated on one
another such that particle diameters thereof are gradually
reduced from a lower portion toward an upper portion of the
filteringportion,and51filteringsandflowing—outpreventing
portion including a plurality of layers which are located on
the filtering portion and which are laminated on one another
such that particle diameters thereof are gradually increased
from a lower portion toward an upper portion of the filtering
sand flowing-out preventing portion, the filtering material
is charged into the pressure container such that the filtering
material reaches a ceiling of the pressure container, and

the to-be filtered water is supplied into the pressure
container under water pressure of 0.05 MPa or higher.
[Claim 2] an upward-type filtering apparatus comprising a
pressure container and filtering material which is placed in
the pressure container and which is made of gravels, filtering
sands and particles, in which to-be filtered water is supplied
from a lower portion of the pressure container and is filtered
upward, filtered water is obtained from an upper portion of
the pressure container, wherein

the filtering material comprises a filtering portion
including a plurality of layers which are laminated on one
another such that particle diameters thereof are gradually
reduced from a lower portion toward an upper portion of the
filteringportion,andeafilteringsandflowing—outpreventing
portion including a plurality of layers which are located on

the filtering portion and which are laminated on one another



28 water is supplied from the washing pipe, the filtering material is washed with the to-be filtered water
and the to-be filtered water is drained from the drain pipe. [Claim 7] A filtering apparatus in which first
and second upward-type filters each comprising the upward-type filterinq\&gﬂqf@tus according to any
one of claims 1 to 5 are combined, wherein if filtered water is supplied from upper portions of the
first and second upward-type filters, the filtering mgterials are back washed and washing water is
drained from lower portions of the first and second upward-type filters, a lower portion of the first
upward-type filter is provided with a first to-be filtered water supply pipe having a first supply pipe valve
and with a first drain pipe having a first drain pipe valve, an upper portion of the first upward-type filter

is provided with a first water, pipe, : r_porti 0 5 ltery vided with
a second to-be ﬁferzélc% \ﬁgtﬁtr‘%ggﬁy%}géh %\g\%ﬁ% ;g &geggg%l%%:l%rﬁy%?i&\%%%%yr%%v%%%riiggnd drain

pipe havinéﬁ%@ﬁ&&@?n&%@&@e, R BpPerPoriiret Rielet SR pwifi-tybeitet iprovided
with a secenghaater pipeg - ouo-herfdtesed waterds stpplied from the first and second to-be filtered

water supply pipes yndenyaier pressure o 0,85 MPa ar bigher.iba firsk-and secondwatarpipes are in
communication with each other, and a water main pipg g]at\)/'r@sa P\%gter‘ mag}i%plee 3\T/zjllvgril%connected to

the first and SBESAP Rt Bipds, Water pressur & or

the filtering material is forcibly pressed down by a
retainer member or a weight from above so as to suppress a case
where the filtering material floats up by water pressure.
[Claim 3] The upward-type filtering apparatus according to
claim 1 or 2, wherein a minimum particle layer of the filtering
portion comprises a layer of filtering sands having particle
diameter of 0.1 to 0.5 mm.

[Claim 4] The upward-type filtering apparatus according to
claim 1 or 2, wherein a minimum particle layer of the filtering
portion comprises a layer of filtering sands having particle
diameters of 1 to 50 um.

[Claim 5] The upward-type filtering apparatus according to
any one of claims 1 to 4, wherein air bubbles of diameters of
80 um or less are mixed into the to-be filtered water, and they
are supplied to the pressure container.

[Claim 6] The upward-type filtering apparatus according to
any one of claims 1 to 5, wherein a lower portion of the pressure
container is provided with a to-be filtered water supply pipe
having a supply pipe valve and with a drain pipe having a drain
pipe valve, an upper portion of the pressure container is
provided with a water pipe having a water pipe valve, a large
number of holeg are formed in a washing pipe, the washing pipe
is embedded in a layer which is adjacent to a lower side of
the minimum particle layer of the filtering portion,

if the supply pipe valve and the water pipe valve are
opened and the drain pipe valve is closed, and if to-be filtered
water is supplied from the to-be filtered water supply pipe,
filtered water which was filtered by the filtering material
is supplied from the water pipe into outside, and

if the supply pipe valve and the water pipe valve are

closed and the drain pipe valve is opened, and if to-be filtered
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water is supplied from the washing pipe, the filtering material
ig washed with the to-be filtered water and the to-be filtered
water is drained from the drain pipe.

[Claim 7] A filtering apparatus in which first and second
upward-type filters each comprising the upward-type filtering
apparatus according to any one of claims 1 to 5 are combined,
wherein

if filtered water is supplied from upper portions of the
first and second upward-type filters, the filtering materials
are back washed and washing water is drained from lower portions
of the first and second upward-type filters,

a lower portion of the first upward-type filter is
provided with a first to-be filtered water supply pipe having
a first supply pipe valve and with a first drain pipe having
a first drain pipe valve, an upper portion of the first
upward-type filter is provided with a first water pipe,

a lower portion of the second upward-type filter is
provided with a second to-be filtered water supply pipe having
a second supply pipe valve and with a second drain pipe having
a second drain pipe valve, an upper portion of the second
upward-type filter is provided with a second water pipe,

to-be filtered water is supplied from the first and
second to-be filtered water supply pipes under water pressure
of 0.05 MPa or higher, the first and second water pipes are
in communication with each other, and a water main pipe having
a water main pipe valve is connected to the first and second

water pipes.



