WO 02/ 34677 PCT/JP01/09175 1 DESCRI PTION Water Treatnent Device 5
Technical Field This invention relates to a water treatnent device and,
nore pamoous&rty, to a water treatnent device capabl e oPCT/HREIPITg wat er
sol ubl e substance such as iron and nianganese in underground water by

oxi dizing them and thereby making theminsoluble with a sinple and conpact
device 10 without using an oxidizing agent or a floccul ant. Background Art
Underground water is utilized as raw water for tap water and also wutilized

in industries which require a Iargﬁwgiy%ﬁf wat er such as food, 15

soft drink, beverage, dyestuff indu also in public baths. In
these industries, iron and manganese contents contained i n underground

wat er have raised a problem Wile iron and manganese are substances which
are nec¥aser YréstmentDewicebody, contents of these substances exceeding a
certain anount give a netal taste to water and turn water to red or bl ack
wat er, 20 thereby naking the water unsuitable for drinking and causing
variqus diffic Fth&s in these industries. Further, in a foundation work in
bui | ngTb@HHﬁgf %t is indispensable to remove underground water from a

f oundati on it t ngdat i.o r.k rts., If a lar uantity of
iron and m?&%eggfe?lgﬁgon zli'r’l{t(r%gdq?nat ﬁgé(%ﬁdet?%aﬁgt% v%‘tvéqﬁ, af“gg g‘?%li‘pr and
manganesga2fcdltsly, B¢ o §RME trdaifint RvideasHINUN WehEh b@raﬂa&esql e
underground water is discharged to the sewerage becausg It 1s legally

pr ohi bi t sabstande sablarageironuaid unaleggiesenics watergrohad seatirage oxidinagt any
treatnment. In a currently prevailing conventional water treatnment device
for rentemgud therehy raakmecthem ansaubly withga syeple sndconfumct dexinel e, as

sodi 1" anlﬁlzo/u%dﬁessﬁg E%Téx‘;ll %}Illgo gégr?t or a flocculant.

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,
15  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,
20 thereby making the water unsuitable for drinking and causing 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 1s contained in the underground water, the iron and manganese
25  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 treatment.
In a currently prevailing conventional water treatment device for

removing iron or manganese, an oxidizing agent such, for example, as sodium



2 hypochlorite or a floccul ant such, for exam e, as poly-alum num chl oride
(PAC) is added to raw water to oxidize iron or manganese which is dissol ved
in the ravovwass#r7 and t hereby convert it to iron oxide or PENgRNASESOXI de
which is insoluble in water and the i2on oxi de or nmanganese oxide is
filtered 5 out by filtering the raw water through filtering sand. In the
conventional water treatnent device requiring addition of an oxidizing
agent or a flocculant, however, a relatively |arge anount of oxidizing
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hypochl or(@ug)asidddetli 1 avs wat &t Aexidie ﬂ&é%zlhﬁﬂ%ﬁg@s@whfcﬁhrﬁ%'dﬁsdlﬂed‘m er

after the treatnment for oxidizing Iron and nmanganese, tri hal onethane which

i s a car dontdgerawswatsrennad eesshy, cdrbfert by iifgh okidehat amidiaRee dxide Wat er
must further be filtered through an activated carbon |ayer which adds to
t he cost vohichHe inseluble inewahemand the promoxide wrohangamsesevxade is/fltededt ar bon

| ayer i s omitt f.or econom c, reason, ter after filtering nust be

const &nt I%}‘Teiiéfaﬁﬁ?@&gftg‘? I3 VakRY ﬁ’éo Shﬁ&%rﬂ%& sand. { i hal onet hane caused by
addi tion of L V& u Ldi zing agent .and, if. necegsary, the
anount  of adglg]‘t ?%%%gﬁ{]%(rﬁ%&g@i %gﬁaloeééglﬁé tn‘%s‘? geq‘él%?ggl.u%io et hod
equl r s oXidilify Gt Obr MR SRARRAS hotwafldl (4 WRABvel?O1dle aftfund of
purchasi ng the oxidi zing agent. Further, the conventlonaf water treatnent
devi ce genmidialdgyagentardhepilaxt iscshduvangbhstied deviyshad) iheebfodd nheawsper ati on

tank, a flocculation tank, a precipitation tank, a sand filter tower, an
i ron and ofsnghestdzinghagentpr flepsulantig teewbndoesl agent tank and this
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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
15 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 oxidizing agent must be
adjusted. This method requires a high cost of maintenance in addition to
20  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
25 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



i mpurities and therefore nust be replaced fromtine to tinme. The used sand
WO 02/ 34677 PCT/JP01/09175 3 to be abandoned nust be treated as industri al
wast e bece@er3d6r7 contains a chemical agent and a pl ace whe€T/@pa1to9tran be
abandoned is extrenmely restricted by3laws and regulations. It is,
therefore, an object of the present invention to provide a water 5

treat nent device capable of treating water sol uble substance such as iron
and nanganese in underground water by oxidizing them and thereby making

t hem i nsql ] L.l nd act, devife w thout usin n. oxi di zi ng
agent or ch”i?e} %g%{lg&}\@ %ﬁ;&lﬁ% ?J_feoas?gﬁ? _Solfndtul‘?gn?ﬁ\vlvé'\é%‘? g)ﬁc%_‘.{ﬁﬁ ]g(c‘%lngﬁnﬁgat he
above deshighiiesd] ARARGNPS plAR WRYREI@AR bd drivd iBeRWeedy Fe¥BiRRA
treatment device conprising a raw water supply tube, one of "hof e | et
nozzl es, lyakelwdandgeghlatiomsend portion thereof in communication wth the

raw water supply tube and having at the other end portion thereof a 15 raw
wat er | ettindtast teerefere, mnoobirgt ofithe myesent atemticontappetideta eeater one or

nore gir i ntroducing tube rovided in corr ondence to said.jet nozzle or
ot Aoz AFEUmAFies apable ghieahagsater shluilepubriapge such po itomcand

at nospher. ej t riti.on gher eof ened to,the inside
o "o cor rianBinpeschd" Sl NEeLRY, PRlaRR, Indfl iR PREPR alng
jetting aubhPinsobulfle With 28ngs1eta] LREQ i eh it @Y, -ﬁ{m' ng an
upper surface tsr?er eof bei ngn%&r ovid]dg%mggﬂgvé‘?ﬁﬂgﬁlg%wﬁoéﬁ%gﬁwﬁ? aé

pr edet er ragead ok matfbsccaladtr om t he raw water jetting outlets of the jet

nozzles, and a filtered water outlet provided in the filter container for
taki ng out water which has been filtered through the filter |ayer. 25

reandlor Risdoptte oA It s &t one end portion thereof in oo )
communi cati O Lbhiehfad dWe Bh&e TUBRINed %%?ec%n& 58 r]ﬂgfgﬁﬁ&g, Fhird QLO the
provided a water treatment device comprising a raw water supply tube, one
or more jet nozzles, each being at one end portion thereof in communication
with the raw water supply tube and having at the other end portion thereof a
15 raw water jetting outlet for blowing out the raw water in a jet stream, one or
more air introducing tubes provided in correspondence to said jet nozzle or jet
nozzles, each being at one end portion thereof opened to the atmosphere and
being at the other end portion thereof opened to the inside of a corresponding
one of the jet nozzles upstream of the raw water jetting outlet, a filter
20  container containing a filter layer having an upper surface thereof being
provided below the jet nozzles with a predetermined interval from the raw
water jetting outlets of the jet nozzles, and a filtered water outlet provided in
the filter container for taking out water which has been filtered through the
filter layer.
25 According to the invention, by turning raw water to a jet water stream
by means of the jet nozzle which is at one end portion thereof in
communication with the raw water supply tube and introducing air into the
jet nozzle from the air introducing tube which is opened to the inside of the

jet nozzle, the jet stream, air is drawn into the jet water stream and turned to



jet nozzle fromthe air introducing tube which is opened to the inside of
the jet nozzle, the jet stream air is drawn into the jet water stream and
turned t owvO\R/B@®B4677 PCT/JP01/09175 4 a multiplicity ofpremapdi/oains

bubbl es. The jet water streamcontaimng the nultiplicity of air bubbles
I's blown out of the raw water jetting outlet and is struck against the

wat er surface above the filter |ayer disposed below the raw water jetting
outl et thereby causing vehenent aeration both in the water 5 above the

her a1 ont SABAGRR dr S aRCRuRRIEL " ThE' B et e %%ﬁ%ﬁﬁn%&theﬂ' he
wat er ar ﬁnﬂﬁbﬁbﬁ?q)faa?f' bluBBIRRY Kb EmtdHtNFd %%awa&%é@t&?ﬁg yhi ch

form flocks or precipitates and are caug on the s gral ns of

the filt striuok ageiistrthalwastee buafackiaboes thgfibn aydri cﬁ&)agéasbeléwtth@ rhfie filter
| ayer. The 10 filtered water from which the insoluble substances and other

f or ei gn mttelen@:hngaoetlbbéher@wmmsmg vehenfdrntt aevatmpebotbs in ghenwatar of t he
filt

Accordi ngly, |ro ese and ot her i nsol uble
subst nc@ Y%h}f’aﬁj :l@(er tﬁg angﬁ aysh thevakye 9€ this  er ed

t th I h |
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cont ai NSyatéchR! b4@l26d FHDh ARy Ae Bhrned t%%ﬂ%?’lﬁﬁlé)éﬁf&ﬁﬂn@é %fcﬁ%{ﬁl of the
aeration, by connecting a known | ow speed tering device to the

downst r eflotlsd ceprécipibatesatel ate eaightnin dey safacds sfheraips ef e filteviat | on,
propagation of aerobic iron bacteria which propagates in 20 the filter
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water can be made insoluble and can thereby be filtered out with a simple
and compact device without using chemicals such as an oxidizing agent or
15 flocculant.

Further, since the filtered water contains a relatively large amount of
dissolved oxygen as a result of the aeration, by connecting a known low-speed
filtering device to the downstream side of the water treatment device of the
present invention, propagation of aerobic iron bacteria which propagates in

20 the filter layer of the slow:speed filtering device is enhanced and the iron
removal efficiency of this slow-speed filtering device can thereby be improved.

Further, according to the invention, space required for installing the
water treatment device of the present invention mainly is space for installing
the filter container only and, therefore, space required can be much smaller

25 than the space required for installing the conventional water treatment
device. Thus, the water treatment device of the present invention can be
readily installed in a site of a limited space in a town.

Furthermore, in a case where waste filtering sand is abandoned, it is

not necessary to deal with it as an industrial waste so that there is no



device. Thus, the water treatnment device of the present invention can be
readily installed in a site of alimted space in a town. Furthernore, in a
case whemveowastee7 filtering sand i s abandoned, it is not PeTERBAPYStO deal
with it as an industrial waste so thai there is no WD 02/ 34677 :
PCT/JP01/09175 5 limtation in a site for abandoning it. In one aspect of
the invention, there is provided a water treatnent device conprising a raw
wat er supply tube, one or nore jet nozzles, each being at one end portion

t her eof | -pg&[%qkf%tshgr}?wgk?lgwgmg{ggﬁ wat er supply 5 tube and having at the

ot her en rtiron ereo jetting outlet for blow ng out the

raw vater in B bt SJcef e GREuNetAC Wee i8lgR0HEIg g;%&e%&%hﬁed N

correspondence to said jet nozzle or jet nozzles, eac at one end
portion tdeieotompnisact edraw wapassepyipl tubep vhe corfitbre e hozklekheaclpt her
end portion thereof opened to the inside of a corresponding one of the 10
j et nozzlheing gt onegrdaiortion theveafdn@onjaunicationuritbtthe aafi Water supplyi ner
cont ai.ni a filter. layer, hayj ng an upper surfgce thereof being provided
bel ow? t&g‘bje&n‘ir}hﬂ%gwt]% Oﬁl‘iﬂf? eRd POrHOR dBeTent ot TaY WRlSH ieHing aWlRht or
jetting [SES ' S, . filtered water outle rovi ded
in the f If?f{'lo? C n%lzli% ﬂger Jrg‘?)vr‘;}g g‘% ﬁlgadgﬁg%%?g}’.% WA %"esewtm‘hcz‘%q
through tigBes phkébed 1 dodRpondesy t S8dtet ﬁ@iﬂe (53 gé’tcﬁ led RGch MG | oN,
the gas introducing tube is connected to0 the gas upp?y sdéurce such as a
gas punp aromsnersd poriiopthemof condiested o RogasonipplRisoubty amd eirt hethalesi red
gas such, for exanple, as nitrogen gas or ozone can be supplied fromthe
gas supplophewend@ortipnstheneof apengd 2o thesinsite of paovfespasding dee ebtleet ed in

accorgdance with the nature qf . substanc to be filtered Qut. This al so
enabllgs dhk nfngiﬁsrﬁl’%trﬁ‘maio? te sawemaigs jeting O‘ttiﬁh rib|IHERr CONEMNSHE | num
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the jet nozzles with a predetermined interval from the raw water jetting
outlets of the jet nozzles, and a filtered water outlet provided in the filter
container for taking out water which has been filtered through the filter

15 layer.

According to this aspect of the invention, the gas introducing tube is
connected to the gas supply source such as a gas pump or an air compressor
whereby not only air but also other desired gas such, for example, as nitrogen
gas or ozone can be supplied from the gas supply source. This enables a

20  desired type of gas to be selected in accordance with the nature of substance
to be filtered out. This also enables the flow rate of air or other gas to be
contro]ied to an optimum value.for the filtration.

As the above described filtering operation is continued, flocks of
oxidized substances and other foreign matters are accumulated on the

25  surface of the filter layer as time elapses with the result that the surface of
the filter layer is closed with the flocks and other foreign matters and the
filtering function of the filter layer thereby is reduced. In another aspect of
the invention, the water treatment device comprises means for reciprocating

the raw water supply tube in a plane parallel to the surface of the filter layer



oxi di zed substances and other foreign nmatters are accunul ated on the 25
surface of the filter layer as tine elapses with the result that the
surface ofovhgwsfiilter |layer is closed with the flocks andror/mmm/obosei gn
matters and the filtering function of the filter |ayer thereby is reduced.
I n anot her aspect of the invention, the water treatnent device conprises
means for reciprocating the raw water supply tube in a plane parallel to
the surface of the filter layer WO 02/ 34677 PCT/JP01/09175 6 and,
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surface of "'the filter layer, the jet water stream containing
mul ti pli cedigraehtdtbbrew wtee Bupplybtublednmn plineqfarialiie] t@vhaeddhcd 6 fHeng
outlet is struck vehenently against the surface of the filter |ayer which
i s cl osedligrdayemehe jeickateststreaan dontasning 2 suiltiplicityeofdnitibles whidbaise

the fil.t i s turned gqver whereby the closed, state of the

ti |
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surface of the filter lTayer. The jet water stream blo e raw
wat er | estatagfdahe!| emrfdcet dfethiediltaokaiee wish abe tfhickd dielrishdimwatedandbaf f | e

plate to _enhance the aeratjon. 15 In still another aspect of the invention,
t he wat ethe filgrimgnfungsioncef thefilterdayepisrdstereda filter |ayer support nade
of | at e screen provide t.the bottomof the filter |ayer for
supporting tHhe 3% Iﬂﬁ)eerr a?%‘ipgr"? the ayentaon, VRLET treatment veyics %ﬁﬂ@r t he
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significantly covered with the flocks of the oxidized substances and

of the raw water jetting outlet of the jet nozzle is agitated further by the

baffle plate to enhance the aeration.

15 In still another aspect of the invention, the water treatment device
further comprises a filter layer support made of a plate screen provided at the
bottom of the filter layer for supporting the filter layer, a reverse washing
tube provided under the filter layer support for reverse washing the filter
layer, and a reverse washing water outlet provided in the filter container.

20 According to this aspect of the invention, when the surface of the filter
layer is significantly covered with the flocks of the oxidized substances and
other foreign matters, supply of raw water to the filter container is
temporarily suspended and reverse washing water is caused to flow from the
reverse washing tube through the filter layer support upwardly. The flocks

25  and foreign matters covering the surface of the filter layer are removed from
the surface of the filter layer and are taken out of the reverse washing water
outlet. The screen plate serves for causing the reverse washing water to flow
in a uniform counter-stream throughout the filter layer from the bottom

surface of the filter layer.



other foreign matters, supply of raw water to the filter container is
tenporarily suspended and reverse washing water is caused to flow fromthe
reverse weQht/sug7t ube through the filter |ayer support upwa€TUR01/0%178 fl ocks
25 and foreign matters covering the surface of the filter |ayer are renoved
from the surface of the filter layer and are taken out of the reverse
washing water outlet. The screen plate serves for causing the reverse
washing water to flow in a uniformcounter-streamthroughout the filter

| ayer fromthe bottom surface of the filter [ayer. WO 02/ 34677

PCT/ JP01/ 09175 7 Brief Description of the Drawings In the acconpanying

dr awi ngs BrfdfiDederijftich Bﬁﬂ%pg(féw]@%éli ew showi ng an enbodi nent of the water
5 treatnment device according to the invention with a part of the side wall

of a filter Inohiecactempaiyige deawiregk, Fig. 2 is a sectional view showi ng a
jet nozzle and an air introducing tube in an enlarged scale;, Fig. 3 is a
sectional vi dligsHows riy Reraredtiei s1aW cthomang pancembndinaentawf the water supply

t ube;, Fi g. i s a,sectinal .view showi ng a mechani smfqor. gujding_ the raw
wat er? s?}‘f?@%ylecnﬁkf&wfﬁ gecoxding 1o %’@r@d@g‘fﬂi‘)vewvge%@%ﬁf e §W(d9'tW§]l rfbodi ment
of the way cont SfleT8Rin ggl'&lgge&xccor ding to the invention; and 15 Fig. 6 is
a sectional view show ng-a jet nozzle and a gas introducing tube of this

enbodi ment i rFi?.nzei_@I a?lrsa@lﬂoﬁaqzshew Beslin¥0sl§ef Aoz5He" dnvd B9 Qf?in%fb%ldc{h’%““ on

Referring nowto Figs. 1 to 4, an enbodi nent of the invention w ]l e 20
descri bedubéimanhesnlargeat sede; device 1 conprises, as its principal elenents,
afilter Fig. 3 is a sectional view showing a mechanism for reciprocating a raw
10  water supply tube; |
Fig. 4 is a sectinal view showing a mechanism for guiding the raw water
supply tube;
Fig. 5 is a perspective view showing another embodiment of the water
treatment device according to the invention; and

15 Fig. 6 is a sectional view showing a jet nozzle and a gas introducing tube

of this embodiment in an enlarged scale.

Best Mode for Carrying Out the Invention
Referring now to Figs. 1 to 4, an embodiment of the invention will be
20  described.
A water treatment device 1 comprises, as its principal elements, a filter
container 3 containing a filter layer 2, a raw water supply tube 4, jet nozzles
5 and an air introducing tubes 6.
The raw water supply tube 4 made of, e.g., a steel pipe, for supplying
25 raw water to be filtered such as underground water or river water to the filter
container 3 is connected to a water supply pump 7 by means of a rubber hose
8. The water supply pump 7 is provided with raw water from a water source
of the raw water through a water receiving tank, if necessary, and supplies

the raw water to the raw water supply tube 4 at a predetermined flow rate.



container 3 containing a filter layer 2, a raw water supply tube 4, jet

nozzles 5 and an air introducing tubes 6. The raw water supply tube 4 nade
of, e.g. waoyswmel pipe, for supplying 25 raw water to berp€The@retrssuch as
underground water or river water to the filter container 3 is connected to
a water supply punp 7 by neans of a rubber hose 8. The water supply punp 7
Is provided with raw water froma water source of the raw water through a
wat er receiving tank, if necessary, and supplies the raw water to the raw

wat er supply redetermned.flow rate. WO 02/34677
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supply tube 4 extends in a plane parallel to the surface of the filter

| ayer 2. ifDaeplanemarallebixthasitface of tlat fikbethywrapl €) jet nozzles 5 are
provided in 5 a manner, to branch off downward fromthe raw water supply
tube 4. As widne opmoxpsixantthe ibnsiEated example) jgistazales & ackeprovidqubin | ﬁn 5a
of each jet nozzle, 5 is fitted i he raw water supply tube 4 in such a
manne? t RdP2PREr F‘h@?%?écho‘?gf dPWé‘“Iaéfa tiﬁ‘b‘? @%WW#‘H&1¥§“§P #h % w wat er

supply type, gy ﬁ’tfrB WIThE Gt eiﬁnden o §fo Qec 2t 00 %! > 1S
formed a raw water JettliTg o) St BR AUTE tb\ﬂs gt ©9 (i ajet
wat er st {£ARedAnPHRS B4R Ster SHBly FHHERLE sith %f}ﬁaﬁﬁér ﬂ%zfl}% Dside gfm t o
6mm One or nore (six in the ipﬁustrated exanple) alr 1 ntroducing tubes 6
are provheget nonpdefHrcoapntnicated heth ¢hpaciv weateetsupplz ltabe 2. Aa #Md | be
apparent fromFig. 2, the upstream side end portion 6a of each air

i nt r oduciagustrsanssitle endpedian obthegiet npzzipfersdfoyniedonraweviter jetting e 5
gL 85 DR SPERSH gy MR R R daish e il 0
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layer 2 i's piOnd gethotet(Bix inSthéAPRistrated examyple) air introducing tubes 6 are
provided, one for each, in the respective jet nozzles 5. As will be apparent
from Fig. 2, the upstream side end portion 6a of each air introducing tube 6
15  projects obliquely upwardly from the jet nozzle 5 with its inside being opened
to the atmosphere. The downstream side end portion 6b is opened to the
inside of the jet nozzle 5 upstream of the raw water jetting outlet 5b. A
preferable inner diameter of the air introducing tube 6 is 2mm to 4mm.
In the filter container 3, the filter layer 2 is provided with its upper
20  surface being disposed below the jet nozzles 5 with a predetermined interval
(e.g., about 35cm) from the raw water jetting outlets 5b. The filter layer 2 is
made of filtering sand of a uniform grain size and functions to filter the raw
water by catching flocks of oxidized substances and other foreign matters in
the raw water supplied as a jet stream from the jet nozzles 5. Flow rate of
25 the raw water in the filter container 3, i.e., the filtering speed, differs
depending upon the degree of filtration of object foreign matter G.e.,
permissible concentration of the foreign matters in the filtered water). For
normal filtering of iron and manganese, a filtering speed of 8cm or below per

minute is preferable.



20 surface being disposed below the jet nozzles 5 with a predeterm ned
interval (e.g., about 35cm) fromthe raw water jetting outlets 5b. The
filter | ayen2/2467s nade of filtering sand of a uniform gr BCTVIRI1DG17ANd
functions to filter the raw water by catching flocks of oxidized
substances and other foreign matters in the raw water supplied as a jet
streamfromthe jet nozzles 5. Flowrate of 25 the raw water in the filter
container 3, i.e., the filtering speed, differs depending upon the degree

of filtratio ' =) ‘ ter, (k. . rrri sjl.e conecentration of
the foreign rrq% %%@géﬁ%g%%?&??%% %«’ﬂe(eelrl)p(i:a'i'—eo}’é3 %bgtvqetegr flﬁ a% iron
and Manganase jetdinll duthts B9 GTRRE Gt o3Y @Ena%he‘é’ui’%'be ogmwﬁ&ef &g%&ezf erabl e.
WO 02/ 34677 PCT/JP01/09175 9 A baffle plate 13 made o t eel
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nozzles 5 and the surface of the filter Ker 2 in such a manner that the
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between the raw water jetting outlet 5b of the jet nozzle 5 to t surface
of the waoetainer 2CoSte smfaneedfe(ﬂx&bﬁhenlh;tehr Dis 80@mbaid Uistphat betibs%ehr omthe

surface of the water is about 5cm (i.e., distance fromthe raw water
jetting &aeray waterdetdgingeutledl of thae jet npegle I5ei“§befhe§upffmet0f the wader f a
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wedge-wire screen increases toward the ower end thereof. A reverse
the illustrated example) is provided at a predetermined height from the

ilter

bottom of the filter container 3 for supporting the filter layer 2 in its entirety.
15 In the illustrated example, the wedge-wire screen is so disposed that it
supports the filter layer 2 with its flat surface 14a and the width of slits 14b -
of the wedge-wire screen increases toward the lower end thereof. A reverse
washing tube 15 is provided in a lower space 16 of the filter container 3 under
the filter layer support 14 for reverse washing the filter layer 2. The reverse
20  washing tube 15 is formed with a plurality of reverse washing water jetting
outlets 15a opening toward the filter layer support 14. The reverse washing
tube 15is connected to an unillustrated reverse washing water supply source.
A pump may be provided downstream of the filter layer 2 so that water
is sucked compulsorily by the pump for enhancing filtering efficiency.
25 By supporting the filter layer 2 by the filter layer support 14 made of a
plate screen, a support structure made of generally three sand layers of sand,
Le., sand of a small grain, sand of a middle grain and sand of a large grain in
the order from the top to the bottom which is required in the conventionai

water treatment device can be eliminated and, therefore, the design of the



washing tube 15 is provided in a | ower space 16 of the filter container 3
under the filter layer support 14 for reverse washing the filter |ayer 2.
The revemnse 028t6nmshi ng tube 15 is fornmed with a pluralityrof/Jramperse
washing water jetting outlets 15a opéning toward the filter |ayer support
14. The reverse washing tube 15 is connected to an unillustrated reverse
washi ng water supply source. A punp nay be provided downstream of the
filter layer 2 so that water is sucked conpulsorily by the punp for

enhanci nggjfiit Eﬁtﬁ%&x’e@j %g{gﬁ%@gé By supporting the filter layer 2 by the

filter layer supp a ~plate screen, a support structure nade
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can be eljmnated and, therefore, the design of the WO 02/34677
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outlet 17..for takin ut. wat er . whi ch.has been fjltered through the filter
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above the surface of the filter layer 2. One end of the overfl'ow trough 18
is cl oselosedt with sisiite walll 3Bf dhetfiléerf edritainerodtamidngie tharcbridef ghder end

of the ovelr’f{ll ow trougih 18 is closed with a cover 19. The cover 19 of the
over f | owOVErHew fgenals 18sisqlospdywikhe a qoxar it e Thiescavier t18r efiithm dvérflompened
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predet er m ned\d evekreverye Reashiipy Q¥Oite, a known device such, for example, as a
device which starts the reverse washing operation automatically upon
detecting that the water level of the filter container 3 has exceeded a
15 predetermined level may be employed.
In the present embodiment, a raw water supply tube reciprocating
mechanism 20 for reciprocatinf; the raw water supply tube 4 in a plane
parallel to the surface of the filter layer 2 is comprised of a screw box 21, a
feed screw 22, a feed screw drive device 23 including an electric motor and
20 reduction gear for driving the feed screw 22. The feed screw drive device 23
is fixed to a side wall 3d of the filter container 3. As shown in Fig. 3 in an
enlarged scale, the screw box 21 is formed in its central portion with a screw
hole 21a and is fixed to the raw water supply tube 4 with mounting members
24 which are fixed to the tube 4 by proper means such as welding in such a
25 manner that the axial direction of the screw hole 21a crosses the axial
direction of the raw water supply tube 4.
The feed screw 22 which is in threaded engagement with the screw hole

21a of the screw box 21 extends in a direction crossing the raw water supply

tube 4 and is supported by bearings 25 and 26 which are secured to the side



In the present enbodi ment, a raw water supply tube reciprocating nechanism
20 for reciprocating the raw water supply tube 4 in a plane parallel to

t he surfaceowsssthe filter layer 2 is conprised of a screwwoDyP@doi7’sa feed
screw 22, a feed screw drive device 23 including an electric notor and 20
reduction gear for driving the feed screw 22. The feed screw drive device
23 is fixed to a side wall 3d of the filter container 3. As shown in Fig.
3 in an enlarged scale, the screw box 21 is formed in its central portion
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crosses the axial direction of the raw water supply tube 4. The feed screw
22 whi chousside of hhe fidied congaiperBnandiié bonmerted tew feoldl scrdt drivfe ddvicescr ew
box 21 extends in _a direction crossing the raw water Sl£p|y tube 4 and is
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driven agHeredlaisesobyd ifetee@Fesebe Wr ey ® R WL 3. 23When Cidledbletinic by
operating the feed screw drive device 23, the feed screw 22 is rotated and

t he raw wadter of thplfged worew drivee detioe tABeisseevensdlpxrodted! ke ebw Wwatemwved in
the direction of arrow Ain Fig. 3. Wen the electric notor of the feed
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locations on the side walls 3a and 3b of the filter container 3 as shown in Fig. .
4 in an enlarged scale and the side walls 3a and 3b are formed in their upper.
15  end portion with guide grooves 29 in which the rotating rollers 28 are guided. .
For performing the reciprocating movement of the raw water supply tube 4 in
a stable manner, other means may be employed such as a couple of feed .
SCrews.
The operation of the water treatment device of the above described
20 embodiment will now be described.
During filtering of raw water, raw water is supplied from the water
supply pump 7 to the jet nozzles 5 through the raw water supply tube 4 while
the depth of water above the surface of the filter layer 2 is maintained, e.g., at
30cm. .The raw water is caused to flow in a jet water stream by setting the
25 flow rate of water in the jet nozzles 5 at, e.g., 1.5 I/min. to 3 /min. while air is
drawn into the jet nozzles 5 from the air introducing tubes 6 opening to the
inside of the jet nozzles 5 at a flow rate of , e.g., 0.5 I/min. to 1 /min. The air
is drawn into the jet water stream in a multiplicity of small air bubbles and

the jet water stream containing the air bubbles is blown out of the raw water



4 in an enlarged scale and the side walls 3a and 3b are formed in their
upper 15 end portion with guide grooves 29 in which the rotating rollers 28
are gui dedo 02/8wr7 perform ng the reci procati ng novenent of PChv@Pmamsat er
supply tube 4 in a stable manner, otlRer nmeans nay be enpl oyed such as a
couple of feed screws. The operation of the water treatnment device of the
above described 20 enmbodiment wll now be described. During filtering of
raw water, raw water is supplied fromthe water supply punp 7 to the jet
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aeration. By virtue of this aeration, soluble substances such as iron and

manganesédnsolable subsianees and other doyeigh embavtene hdve bewokedbeed Wystlances
whi ch form fl ocks or recipitates and_ are cau&ht on the surfaces of the
grai ns ofilterdaypr 2ds takew ant of e SHerethstatevoetlet be. filter |ayer 2. The
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filtered t . e ' fihteri opepation is
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accumul atf@gbrdayéihg asWimdc@amdest NGhe surface of the filter layer 2 is covered and

closed with these flocks and foreign matters and, as a result, the filtering
function of the filter layer 2 is reduced.

15 In this case, as shown in Fig. 3, while the raw water and air are
supplied with the water level being adjusted at a level of, e.g., 10cm above the
surface of the filter layer 2, the raw water supply tube reciprocating
mechanism 20 is actuated to reciprocate the raw water supply tube 4 in a
plane parallel to the surface of the filter layer 2. Since, by this operation, a

20  jet water stream containing a multiplicity of air bubbles which is blown out of
the raw water jetting outlets 5b is struck vehemently against the closed
surface of the filter layer 2, the entire surface of the filter layer 2 is turned
over whereby the closed state of the surface of the filter layer 2 is eliminated
and the filter layer 2 restores its filtering function.

25 When flocks of oxidized substances and other foreign matters are
accumulated on the surface of the filter layer 2 to such an extent that the

| turning over of the surface of the filter layer 2 by actuation of the raw water
supply tube reciprocating mechanism 20 is not sufficient for restoring the

filtering function completely, supply of raw water to the filter container 3 is



filter layer 2 as tine elapses. The surface of the filter layer 2 is
covered and closed with these flocks and foreign matters and, as a result,
the filtavony346function of the filter layer 2 is reduced. PaBIPI/0DITSS case,
as shown in Fig. 3, while the raw watlér and air are supplied with the

wat er | evel being adjusted at a level of, e.g., 10cm above the surface of
the filter layer 2, the raw water supply tube reciprocating mnmechanism 20
is actuated to reciprocate the raw water supply tube 4 in a plane parallel
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outlet is opened and reverse washing water is caused to flow upwardly from
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The ocks amnd foreqi ters covering the filter layer 2 thereby are
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reci procahy ek ahanised toSileatuhdérstAthd Fatdl Sll¥éted in Sano City, Tochigi

Prefecture, Japan. Change in the concentrations of iron and manganese in

the underground water is shown in Table 1.

15
Table 1
before filtering (mg/l)  after filtering (mg/l)
iron 18 0.6
manganese 2.0 1.7
20 Referring to Figs. 5 and 6, another embodiment of the invention will be

described. In this embodiment, the same component parts as those in the
previously described embodiment are shown by the same reference characters
and description thereof will be omitted.
A water treatment device 1 comprises, as main component parts, a filter
25  container 3 including a filter layer 2, a raw water supply tube 4, jet nozzles 5
and gas introducing tubes 36.
The raw water supply tube 4 made, e.g., of a steel tube, for supplying
raw water to be filtered such as underground water or river water is

connected to a water supply pump 7 through a rubber hose 8. The water



10 may be conposed of other neans such as chain drive. By way of an actua
exanpl e, the above descri bed enbodi nent of the invention was used to
filter uvdeozswond water collected in Sano City, Tochigi Peragpambinse,
Japan. Change in the concentrations d# iron and manganese in the
underground water is shown in Table 1. 15 Table 1 before filtering (ng/1)
after filtering (ng/1) iron 18 0.6 nanganese 2.0 1.7 20 Referring to
Figs. 5 and 6, another enbodi nent of the invention will be described. In

thi s enbaqgj | nant r as those in the preyiously
desor | bed REpumb 7 PRSP SRaN xR Wik Propl X Rl hitfure bt
descripti ) | 'ngél. . C rises,
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2, a rawwateertoshpphy taber shpglgttubedzdtes pbedetbtmiiesd flotwredouci ng t ubes 36.

The raw water_supply tube 4 made, e.g., of a steel tube, for supplying raw
water to be fOneer atprefsix iastheriiustpatechexample) jeir nodzles 5 ane provided tonnect ed

per Bos meraterte BERRR oAl e ecka FinteRarBaTaherbm & vat o
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tube 4 in a plane above the filter container 3 and is fixed to the raw
wat er sugnypected by means of a rubber hose 11 to an air supply source 12 such as an
10  air pump or an air compressor which supplies air or a gas supply source 12
which supplies gas such as a nitrogen gas or ozone.
One or more (six in the illustrated example) gas introducing tubes 36
are provided in a manner to branch off from the gas supply tube 9. As will
be apparent from Fig. 6, the upstream side end portion 36a of each gas
15 introducing tube 36 is fitted in the gas supply tube 9 in such a manner that
the inside of the gas introducing tube 36 communicates with the gas supply
tube 9 and the downstream side end portion 36b of the gas introducing tube
36 is opened to the inside of the jet nozzle 5 upstream of the raw water jetting
outlet 5b. A preferable inner diameter of the gas introducing tube 36 is 2mm
20  to4mm.
In this embodiment, the gas supply tube and the gas introducing tubes
are provided outside of the raw water supply tube and the jet nozzles.
Alternatively, the gas supply tube and the jet nozzles may be provide inside of
the raw water supply tube and the jet nozzles.
25 According to ths embodiment, not only air but also a desired gas such as
nitrogen gas or ozone can be supplyed from the gas supply source so that an
optimum gas may be selected in accordance with the nature of the substance

to be filtered out. Further, the flow rate of air or other gas may be controlled

to an optimum value in accordance with the object of filtering.



tube 4 by neans of nounting nenbers 10. The gas supply tube 9 is connected
by means of a rubber hose 11 to an air supply source 12 such as an 10 air
punp or awoa/s46tbnpressor which supplies air or a gas suppCyJROWPLS 12

whi ch supplies gas such as a nitrogensSgas or ozone. One or nore (Six in the
illustrated exanple) gas introducing tubes 36 are provided in a manner to
branch off fromthe gas supply tube 9. As will be apparent fromFig. 6,

t he upstream side end portion 36a of each gas 15 introducing tube 36 is
fitted in the gas supply tube 9 in such a manner that the inside of the
gas introducing tube 36 communicates with the gas supply tube 9 and the
domnstreq&ﬁg&ﬁ@apgﬁpggﬁﬁﬂﬂy 36b of the gas introducing tube 36 is opened
to the inside of the jet nozzle 5 upstreamof the raw water jetting outlet
5b. A pref er dbhe watae treditareat etevide dfhthegawséit hndmtiondcdrbe uiBided fagm 20
to 4mm I n this enbodi ment, the gas supply tube and the gas introducing
tubes arfdteying| yanosat Kieds oof tHeatingy sehsbaneeipil yrawbevater sheh | as
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to be filtered out. Further, | ow rate of air or other gas may

cont r ol | éd water amdogiterawpo lteeingnthant.or The eeater tieatendldieeict cah flkdt eri ng.
WO 02/ 34677 PCT/JP01/09175 15 Industrial Applicability The water

t r eat mentoegutiliged dor treating serhidiwatentsush eanwater wontding ved sofliandri ng
vari ogs kinds aof floati subst ance i n.raw,wat.er. such as 5 underground
wat e?{?l r i(%Ete ps Ofggggm%gr,m W USR8 \SEERISm f ar m and nount ai n,

i ncluding treating water soluble substance such as iron and
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25



manganese in such raw water by oxidizing them and making theminsoluble in
wat er and thereupon filtering them The water treatnent device can also be
utilizedwWwon2s4senti ng turbid water such as water containi pPQT/Rd/080BI and
10 various types of dirty water w thdat using chemcals. 15 20 25 WO
02/ 34677 PCT/JP01/09175 16 CLAIMS 5 1. A water treatnent device
conprising: a raw water supply tube; one or nore jet nozzles, each being at
one end portion thereof in comrunication with the raw water supply tube
and having at the other end portion thereof a raw water jetting outlet for
bl owi ng out the raw water in a 10 jet stream one or nore air introducing
tubes provided in correspondence to said jet nozzle or jet nozzles, each
bei ng at one end portion thereof opened to the atnosphere and being at the
ot her end portion thereof opened to QhAIMSsi de of a correspondi ng one of
the jet nozzles upstreamof the raw water jetting 15 outlet; a filter
container containing a filter |ayer having an upper surface thereof being
provi ded b%LOMlthe jet nozzles with g predeterm ned interval fromthe raw
wat er 9 et Litmyabex treptment dR¥ICeCONYTISINGS: and a filtered water outl et
rovided in the_ filter ngtaingr. for taking out 20 water which has been
Piltered throﬁgﬁ“QWé&?Vﬁﬁ)g$F3§’r. 2. A water treatnent device as defined

Do Tt A0, SRRt AR eyl i PORE ALy bt 5 0701
communication with the raw water supply tube and having at the other end
portion thereof a raw water jetting outlet for blowing out the raw water in a

10 jet stream;
one or more air introducing tubes provided in correspondence to said jet
nozzle or jet nozzles, each being at one end portion thereof opened to the
atmosphere and being at the other end portion thereof opened to the inside of
a corresponding one of the jet nozzles upstream of the raw water jetting
15  outlet;
a filter container containing a filter layer having an upper surface
thereof being provided below the jet nozzles with a predetermined interval
from the raw water jetting outlets of the jet nozzles; and

a filtered water outlet provided in the filter container for taking out
20  water which has been filtered through the filter layer.

2. A water treatment device as defined in claim 1 further comprising means
for reciprocating the raw water supply tube in a plane parallel to the surface
of the filter layer.

25
3. A water treatment device as defined in claim 1 further comprising a baffle
plate provided between the raw water jetting outlets of the jet nozzles and

the surface of the filter layer.



25 3. A water treatnent device as defined in claim1l further conprising a
baffle plate provided between the raw water jetting outlets of the jet
nozzl es awao2/s4se7 surface of the filter layer. WO 02/ 3467 7P€UTP01PONS09175
17 4. A water treatnment device as deflfned in claim1 further conprising: a
filter layer support nmade of a plate screen provided at the bottomof the
filter layer for supporting the filter layer; a reverse washing tube

provi ded under the filter |ayer support for 5 reverse washing the filter
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with the raw water supply tube and having at t portion thereof

a raw watthe filtartlapegr furt dugipoirtingltheviilogr lawerst he raw water in a jet stream
one or nore gas introducing tubes provided in correspondence to said jet
15 nozzl e or § @evensgzwashingashbegimoyided underntiepbiter dayehesuppiort donect ed

to a gas__suppl Qur eing at.the other end portion thereof opened
to th iﬁgYﬁgg ‘%éfs nggﬁfﬂgﬁ%ﬁ%’ﬁgm of the jet nozzles upstream of the
raw water jetf] et ' Foer containing a filter |ayer
havi ng an upp%a#&%ﬂ?fg'tggﬁi%eﬂa%%llr é‘%‘?eﬁé%’ga%fg},f}a%ﬁﬁgg|08ﬂ}ﬂapﬁgr-j et nozzles
with a predetermined interval fromthe raw water jetting outlets of the
jet nozzles; and a filtered water outlet provided in the filter container
for taki BgAouaterwatastment ddvicmeompeisiig:l t ered through the filter layer. 25
6. A water treatnent device as defined in claim5 further conprising neans
: a raw water supply tube;
10 one or more jet nozzles, each being at one end portion thereof in
communication with the raw water supply tube and having at the other end
portion thereof a raw water jetting outlet for blowing out the raw water in a
jet stream;
one or more gas introducing tubes provided in correspondence to said jet
15  nozzle or jet nozzles, each being at one end portion thereof connected to a gas
supply source and being at the other end portion thereof opened to the inside
of a corresponding one of the jet nozzles upstream of the raw water jetting
outlet;
a filter container containing a filter layer having an upper surface
20  thereof being provided below the jet nozzles with a predetermined interval
from the raw water jetting outlets of the jet nozzles; and

a filtered water outlet provided in the filter container for taking out
water which has been filtered through the filter layer.

25 6. A water treatment device as defined in claim 5 further comprising means
for reciprocating the raw water supply tube in a plane parallel to the surface

of the filter layer.

7. A water treatment device as defined in claim 5 further comprising a baffle



for reciprocating the raw water supply tube in a plane parallel to the
surface of the filter layer. 7. A water treatnent device as defined in
claim5 wobthaw7zonprising a baffle WO 02/ 34677 PCT/ JPO1/ POLIBN1/0385p] at e
provi ded between the raw water jetting outlets of the jet nozzles and the
surface of the filter layer. 8. A water treatnent device as defined in
claim5 further conprising: 5 a filter layer support nade of a plate screen
provi ded at the bottomof the filter |ayer for supporting the filter
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8. A water treatment device as defined in claim 5 further comprising:
5 a filter layer support made of a plate screen provided at the bottom of
the filter layer for supporting the filter layer;
a reverse washing tube provided under the filter layer support for
reverse washing the filter layer; and

a reverse washing water outlet provided in the filter container.
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